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Farmers in Mississippi have begun planting tea (Camellia sinensis) to diversify
their crops. Camellia sinensis is an evergreen shrub whose leaves are used to make
commonly consumed tea beverages. Tea has the potential to benefit the agricultural
industry in Mississippi. While tea has been grown in other countries for centuries, there is
little research-based information to guide farmers on growing tea in the United States.
For domestic production to become effective, growers need to identify areas to
save money to compete with countries with lower input costs. This study showed growers
can fertilize at 2 g nitrogen (N) per container, reducing input costs, and produce
comparable plants to those receiving higher N rates used in this study. While lowering
the amount of N applied to plants in containers is an economical benefit to producers,
there is also an environmental benefit to applying less N.
This research also examined whether the use of colored shade cloth would
increase plant growth and survival rate of newly planted tea. This study indicated in year
1, plants grown under shade treatments had 100% survival rate compared to plants grown
without shade which had a survival rate of 46.67%. Shade cloth may be useful for tea

producers in Mississippi when irrigation is limited. For tea producers with irrigated
fields, the added expense of shade cloth may not be justified.
Finally, planting date was evaluated to determine effects on plant growth and
survival rate. In all planting dates except 3 April 2017, survival rate was over 70%,
suggesting producers can plant tea in late fall and winter in Mississippi.
While only in its infancy, the US tea industry has the potential to reduce the
amount of imported tea, providing a boost to local economies and potentially reducing
the environmental impact from shipping.
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CHAPTER I
INTRODUCTION
Farmers in Mississippi have begun planting tea (Camellia sinensis) to diversify
their crops. Camellia sinensis is an evergreen shrub whose leaves are used to make
commonly consumed tea beverages. Tea has the potential to be a high value cash crop for
producers in Mississippi. While tea has been grown in other countries for centuries, there
is little research-based information to guide farmers on growing tea in the United States.
Tea is widely consumed in the US, with sales of $12 billion in 2016. The vast
majority of tea consumed in the US is imported and the US is the third largest tea
importer in the world. With an increased demand for locally sourced food products, as
well as a concern for the safety of imported products, there is a niche market for USproduced tea. Currently, there are tea farms across the country attempting to meet the
demand for US-grown tea. This research will assist Mississippi growers in the production
of tea.
Nitrogen (N) is a necessary nutrient for tea production. It is difficult to optimize N
fertilizer recommendations due to the dynamic nature of available N. With increased cost
of inputs there is the need to develop recommendations for N application in tea
production. While the benefits of N application are understood, nitrogen application rates
for US nursery production of Camellia sinensis have not been determined.
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The application of supplemental shade may benefit newly planted tea. Most shade
used in tea production comes in the form of fast growing shade trees which are planted at
the same time as a new tea field. While the trees are fast growing, they offer little benefit
to newly planted tea plants due to their small size. In some tea producing countries,
secondary crops are grown between rows of tea to provide shade for young plants. While
there has been research on the benefits of shade on the quality of tea leaf, literature is
deficient on the benefit of shade on survival and growth rate of newly planted tea.
Tea is grown in very diverse regions and in many different climates; this makes
establishing a common date for all regions impossible. In other countries, tea planting
generally occurs based on stage of plant growth and weather conditions. Plants are
normally planted during dormancy and when humidity and soil moisture are relatively
higher. Previous informal trial and error determined planting dates for traditional tea
producing areas. For new tea farmers in Mississippi, it is important to plant tea during the
time of year with the highest probability for maximum survival and growth. Currently,
the best time of year for planting of new tea fields in Mississippi is unknown.
The tea industry in Mississippi and the US is in its infancy compared to other tea
producing countries. The knowledge gained from centuries of international tea
production needs to be adapted and translated to fit the US agricultural system.
Therefore, the objectives of this research were: 1) to evaluate N application rates in
nursery production of C. sinensis; 2) to determine the survival rate and growth of newly
planted C. sinensis three colored shade cloths; and 3) to evaluate planting date on growth
and survival rate of C. sinensis.
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CHAPTER II
LITERATURE REVIEW
Introduction
Tea beverages are second only to water as the most popular beverage in the world
with total sales of $12 billion in the United States in 2016 (Goggi, 2016). The majority of
tea sold in the United States is imported offering an opportunity to shift to domestic
production, thus providing a viable alternative crop for domestic farmers. As farmers in
the Southeast begin to produce tea, there will arise an increased need to mitigate potential
issues associated with its cultivation.
Once a tea plantation is established, only minimal maintenance is required for
approximately 50 to 80 years of commercially useful yield. Tea, therefore, is more
sustainable than most annual row crops in terms of energy inputs and water. In addition,
as a perennial crop, tea farms rely less on soil cultivation, resulting in reduced soil
erosion.
Botanical Classification
The genus Camellia is in the family Theaceae and contains an argued 119 to 280
species (Lu et al., 2012; Hajra, 2001; Zhijian et al., 1988). In the past, taxonomically,
Camellia and Thea were considered separate genera. Their morphological, anatomical,
and biochemical similarities however, did not warrant separation (Banerjee, 1992). Many
Camellia species have economic importance as ornamentals, edibles, and
3

pharmaceuticals. The most important economic species within the genus is Camellia
sinensis (L.) O. Kuntze, which is the source for leaves that are made into tea (Mondal,
2011). Camellia sinensis is an important crop and is one of the primary industries in
several Asian, African, and South American countries.
Camellia sinensis is a broad-leaved, evergreen shrub grown in tropical and
subtropical regions. At maturity, C. sinensis is 1 to 15 m tall, however commercial
production requires it be maintained as a small shrub (Dirr, 2009, 2011; Gascoyne et al.,
2016; Hajra, 2001; Heiss and Heiss, 2007; Mondal, 2011). Leaves are alternate and
glossy with serrated margins. The plant is cross pollinated and self-incompatible,
flowering in the fall (Chen et al., 2009; Saha and Bhattacharya, 1988; Setyorini et al.
2012). Five- to eight-petaled flowers are white to light pink with 100 to 300 stamens per
flower (Banerjee, 1992; Hajra, 2001). Fruit is a dehiscent capsule with 1 to 3 seeds per
fruit. Roots from seedlings have a strong taproot, with feeder roots in the upper 30 cm of
soil, while plants grown from vegetative cuttings often lack a tap root.
Domestication of tea has historically been centered in China and India. There are
three main varieties of C. sinensis: C. sinensis var. sinensis (Chinese type), C. sinensis
var. assamica (East Indian type), and C. sinensis var. cambodiensis (Cambodian type)
(Eden, 1958; Meegahakumbura et al., 2016; Willson, 1999). It was originally thought C.
sinensis var. sinensis and C. sinensis var. assamica were two separate species (Money,
1883). However, they were known to readily hybridize and Money (1883) states he
doubted there were any pure specimens of either remaining.
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Camellia sinensis is well adapted for the climate of the southeastern United
States, tolerant of full sun, drought-tolerant once established, and cold hardy in USDA
hardiness zones 6 to 9.
History of Tea
The discovery of tea is saturated with folklore and mystery. Anthropologists
speculate C. sinensis was discovered by prehistoric humans in Yunnan province, China
(Heiss and Heiss, 2007). It is thought they may have chewed the leaves or boiled them in
herbal concoctions once they discovered fire. During the Shang dynasty (1766-1050
BCE), tea leaves were mixed with other plants to create medicinal herbal remedies; this
was the beginning of Chinese herbal medicine. Leaves of wild C. sinensis plants were
boiled and consumed as a stimulating drink at the end of the Zhou dynasty (1122-256
BCE).
The Tang dynasty (618-907 CE) celebrated art and culture resulting in the
refinement of tea and tea drinking (Heiss and Heiss, 2007). Social order and manners
were valued during this period leading to the birth of tea masters. The first written
account of tea was in 780 CE in Chá Jīng (Tea Book) written by Lu Yu (Heiss and Heiss,
2007; Willson and Clifford, 1992). Lu Yu was a reclusive scholar and is often considered
China’s father of tea. His book not only described how to prepare and manufacture tea,
but also emphasized inner harmony could be found through careful and attentive tea
preparation. During this era, Japanese monks who had visited China introduced tea to the
Japanese emperor. In 1191, the Japanese priest Myoan Eisai brought tea seeds and plants
to Japan and shared them across the country. Eisai is credited with creating the Japanese
tea culture and industry.
5

Chinese culture surrounding tea expanded during the Song dynasty (960-1279).
Cultivation continued to develop, as well as a grading system to determine tea leaf
quality (Heiss and Heiss, 2007). During this period, the emperor controlled all tea
production and limited the finest first flush teas to himself. Second flush teas were
distributed to the upper class, while the working class received the lowest quality tea. The
Chinese began trading low quality tea into Mongolia and Tibet during the Song era
(Willson and Clifford, 1992). It is rumored porters would travel 8 km a day through the
mountains carrying over 130 kg of tea each along the trade route.
The Yuan dynasty (1271-1368) saw a reduction in tea development, as China was
under Mongol control (Heiss and Heiss, 2007). The Ming dynasty (1368-1644) saw the
removal of the Mongol rulers and the reintroduction of Chinese tea traditions. During the
Ming dynasty, tea production methods and customs were created which are still in
common use today. Whole, loose leaf tea gained popularity, and the methodology of the
oxidation of the tea leaf was developed. Varying rates of oxidation created the classes
common today: white, yellow, green, oolong, and black.
Manchu rulers took control of China during the Qing dynasty (1644-1911). The
Manchu preferred dark milk tea. During this era, exportation of tea increased, with
trading to Siberia, Mongolia, and ultimately Europe (Heiss and Heiss, 2007). Chinese tea
producers had to develop a tea capable of withstanding the long voyage to Europe
without spoiling. They developed fully oxidized, fired, and then baked tea. This tea was
the foundation for Europe’s passion for consuming black tea. The Dutch particularly
enjoyed tea and added milk because the Manchu emperor drank it in a similar way. The
Dutch began shipping tea to their North American colony in New Amsterdam (New
6

York), with the first written record of Dutch tea in North America being in Massachusetts
in 1670. English tea became an important import to North America and became an
important piece of American history. In 1773, a group of colonists, dressed as Mohawk
Indians, boarded three ships in Boston Harbor. They threw crates of tea into the harbor to
protest taxation by England without a voice in Parliament. The Boston Tea Party, as it
later became known, was the beginning of protests and boycotting of British products
resulting in the American Revolution.
The British discovered C. sinensis in Burmese, Assam (northeastern India) in
1823 (Heiss and Heiss, 2007). Major Robert Bruce found large areas of wild tea, which
locals had used for food and beverages. Bruce had seeds sent to Calcutta, where the
British found it to be different from Chinese tea plants. Ultimately, the British established
experimental gardens in India. In 1788 English explorer Joseph Banks recommended to
the British government that northeastern India would be suitable for tea production. The
British government was more concerned with keeping trade with the Chinese than with
starting their own industry. To reduce the trade deficit with China, and to ensure a supply
of Chinese products, the British began the trade of addictive Indian opium resin (Papaver
somniferum). Many Chinese became addicted to opium, and the British began to reap the
monetary rewards. The Jiaquinq Emperor tried for years to stop the British from
importing opium, but to no avail. He then ordered the warehoused opium to be burned,
resulting in the Opium Wars of 1839 to 1842. At the end of the wars the Chinese were
not able to stop the British and were forced to pay for the destroyed opium and costs of
the war. The treaty also handed control of Hong Kong to the British along with allowing
trading rights in all Chinese ports.
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The Chinese were very weary of Westerners and limited travel beyond port cities
(Heiss and Heiss, 2007). The British were desperate to learn how to process tea so they
could produce tea in India. In 1848, the English hired Scottish botanist Robert Fortune to
dress in disguise, collect tea plants, and learn how to process tea in Fujian, China.
Dressed as a Chinese businessman, and with the help of Chinese accomplices, Fortune
was able to smuggle tea seeds, cuttings, and more than 80 Chinese tea specialists to India.
In total, Fortune was able to smuggle enough seeds and cuttings to produce more than
20,000 plants. The British established farms in Darjeeling and Assam using Chinese
varieties and hybrids of Chinese and Assam varieties. By 1900, India was supplying 154
million pounds of tea, drastically reducing England’s demand for Chinese tea. This
decimated the Chinese tea industry, which would struggle for almost a century.
In 1878, the British took C. sinensis plants to their colony of Ceylon (Sri Lanka)
(Heiss and Heiss, 2007). Sri Lanka had a thriving coffee industry until coffee leaf rust
(Hemileia vastatrix) devastated the plants in 1869, requiring a replacement crop.
Camellia sinensis thrived in the tropical climate and soils. At the same time, the Dutch
had successfully begun producing tea on the island of Java.
By the 1900s, the Trans-Siberian Railway was completed in China, providing
easier trade with the west. The Chinese government also began to allow the sale of first
flush teas, once reserved for the imperial court. The British, Dutch, and Portuguese began
establishing tea farms on their colonial lands in Africa. The African tea industry was
quickly established after successes in Java and Sri Lanka.
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History of Tea Production in the United States
There has been tea production in the United States for over 200 years, but it has
not always been profitable and was often abandoned (Pratt and Walcott, 2012; Walcott,
2012). The first recorded introduction of C. sinensis into the US was in 1799 by French
botanist Andre Michaux. These plants were part of a shipment to South Carolina meant to
establish a French interest in a US-sourced tea crop. Interest soon diminished and the
attempt was abandoned.
In 1848, Dr. Junius Smith imported plants and seed from India to his plantation,
Golden Grove, also in South Carolina (Klose, 1950; USDA, 1899). The US Patent Office
supported Smith’s endeavor with the hopes of building an industry. This attempt at US
production was short-lived due to Smith’s murder in 1853.
The US government promoted the production of tea throughout the 1850s. Both
the Secretary of the Navy and the Commissioner of Patents commissioned efforts for tea
seed procurement and propagation. William A. Graham, Secretary of the Navy, instructed
crews sailing in the East India and China Seas to collect tea seeds and plants for domestic
purposes. Unfortunately, these efforts failed to establish an industry (Klose, 1950).
In 1857, Charles Mason, the Commissioner of Patents, commissioned botanist
Robert Fortune to send seeds from China (DeWolf, 1971; Gardener, 1971; Klose, 1950).
Tea seed supply in India was in high demand and Fortune suggested that, while demand
for Chinese tea seed was also high, the Indian seed was of better quality. To keep seeds
viable, Fortune planted the Chinese tea seed in Wardian cases for their long journey to
the US. Fortune made dozens of shipments to the US until 1859, estimating he sent
enough seed to the US to produce 32,000 plants.
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Prior to the onset of the Civil War, 30,000 plants were ready for distribution
across the South and to gardeners in the North who could ensure protection in a
glasshouse (Klose, 1950). Unfortunately, famine during the Civil War decreased interest
in tea production. The United States Department of Agriculture (USDA) lost
communication with the locations of the dispersed tea plants; however, some propagation
of tea plants continued.
During the 1870s and 1880s, the USDA and Congress continued support of tea
production through the distribution of over 400,000 plants, subsidies for tea production,
and funding for research (DeWolf, 1971; Klose,1950) It was unfortunately never
profitable due to high labor costs and poor transportation to major markets. Hawai’i
began production of tea in 1887 but remained unsuccessful for another 100 years.
Arguably, one of the most notable success stories took place in 1888, when
Charles Shepard established Pinehurst Plantation in South Carolina. Shepard understood
that labor would be the limiting factor for US produced tea. To overcome labor costs, he
established a program which provided children of emancipated slaves with free education
in the morning in exchange for their uncompensated labor in the afternoon. His plantation
survived until his death in 1915 when it was abandoned (Klose, 1950).
Interest in domestic production of tea increased in the 1960s, backed
predominantly by the Thomas J. Lipton Company, who were concerned with the
reliability of tea supply due to the Cultural Revolution in China. Experimental projects
were established in Hawai’i and along the US mainland coasts. These projects relied
heavily on the genetic material collected from Pinehurst Plantation (Webster, 2000).
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State of Tea Production in the United States
Tea has the potential to be a cash crop for US farmers. While there are tea farms
in Alabama, California, Florida, Georgia, Hawai’i, Idaho, Louisiana, Maryland,
Michigan, Mississippi, New York, North Carolina, Oregon, South Carolina, Texas,
Virginia, and Washington, currently production is limited (Bell, 2014; Collins-Smith,
2013; Hardin, 2017; Lewis, 2013; Lintereur, 2007; Pratt and Walcott; 2012; Song et al.,
2012; Walcott, 2012; Zee et al., 2003). These farms vary greatly in production method,
size, and age, but are in some form attempting to commercially produce tea.
Pratt and Walcott (2012) suggest tea is currently produced in the US using two
main methods: the South Carolina and Hawai’i methods. The South Carolina method is
based on commercialized farming that sacrifices quality for yield and is generally mass
marketed, while the Hawaiian method focuses on ultra-high-quality tea and small yields
intended for a luxury market. The South Carolina method is highly mechanized, using
mechanical harvesters reducing the need for farm labor. The product produced from the
South Carolina method is of commodity quality (suitable for bagged tea) and is generally
a black tea. This method can have greater yields than the Hawai’i method. Black tea
carries a lower cost, but is the predominant form of tea consumed in the US. For this
method to be profitable, it must be performed on a large scale. The Hawaiian method
results in a very high quality whole leaf product, but relies on extensive farm labor. The
tea must be hand-picked and then hand-rolled. This produces a high value, small batch
product, and can be profitable on a smaller farm footprint.
Locally, there are two farms in Mississippi producing tea: The Great Mississippi
Tea Farm located in Brookhaven, Mississippi, and Pearl River Tea in Poplarville,
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Mississippi. Both farms are implementing a hybrid production system producing
specialty and commodity tea. Both farms have collaborated with Mississippi State
University (MSU) and Mississippi Agricultural and Forestry Experimentation Station
(MAFES) for support.
Propagation and Nursery Production
Domestically, there is very little published information on nursery production and
propagation of tea. This lack of information requires US producers to adapt technologies
gained from traditional tea producing countries to fit US horticultural practices.
Asexual propagation in tea producing countries is conducted on a massive scale.
Single-node cuttings are common and allow for reliable and economically produced
clones. In general, single-node, semi-hardwood cuttings are stuck in ground beds or
polyethylene sleeves containing topsoil, without the use of exogenous auxin (Bates,
1970; Hajra, 2001; Tea Research Institute, 2009; Willson and Clifford, 1992; Wijeratne
and Premathunga, 2001). Cuttings must remain cool and moist and are covered with
polyethylene and shade cloth or branches to slow transpiration (Hajra, 2001). As the
cuttings begin to root, they are slowly exposed to more sunlight and polyethylene is
removed. Cuttings grown in ground beds are transplanted to polyethylene sleeves with
topsoil after rooting. Plants are hardened off in polyethylene sleeves; once they root out
the sleeves and have at least 20 cm of shoot growth they are ready for field planting
(Willson and Clifford, 1992).
Propagation varies greatly from tea-producing countries. Semi-hardwood cuttings
generally have multiple nodes and range from 7-15 cm (Beyl and Trigiano, 2015; Dirr
and Heuser, 2006; Hartmann et al., 2011). These cuttings are then stuck into plug trays
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containing a substrate consisting of a mix of components to make up a soilless substrate.
Common soilless substrate components are pine bark, sphagnum peat moss, perlite, and
vermiculite. Trays of cuttings are then placed under intermittent mist or fog irrigation
systems. These systems irrigate for a few seconds every few minutes with fine droplets of
water. Intermittent mist irrigation systems reduce plant water loss by reducing leaf
temperature and raising the relative humidity around the cuttings (Beyl and Trigiano,
2015, Hartmann et al., 2011). McConnaughey (2013) found rooting single-node C.
sinensis cuttings was possible in-ground in Georgia, and leaving them in situ might be a
good alternative to traditional domestic propagation and nursery production.
Dirr and Heuser (2006) found C. sinensis is easy to root. They found cuttings
taken from July to August and treated with 1000 ppm indole-3-butyric acid (IBA)
solution under intermittent mist rooted readily. Also, cuttings soaked in 50, 100, and 250
ppm IBA-water for 20 hours rooted 88, 92, and 100%, respectively, whereas basal quickdips of 500, 7500, and 10000 ppm IBA in alcohol produced 56, 76, and 84% rooting,
respectively. Once a cutting has rooted into the plug, it is planted into a larger container.
Unlike most tea producing countries that use field soil as a container substrate, the
largest component of nursery container substrates in the US is composted or aged pine
bark (Altland et al., 2014; Owen and Lopez, 2015; Robbins and Evans, 2011). Pine bark
is removed from harvested trees and then hammermilled and screened to obtain the
desired particle size. It is then used as the sole substrate component or mixed with other
components.
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Field Management
Site Selection
When selecting a site for a tea plantation, the first consideration should be
climate. Tea is native to Southeast Asia, which has a warm, wet summer and cooler, less
humid winter. Tea has nevertheless been planted in a wide range of climates. Most
production occurs within ±16° of the equator, as the plants in these regions do not go
dormant during winter (Vyas and Kumar, 2005) Still, there is commercial production as
far north as the country of Georgia (43° N latitude) and as far south as Argentina (47º S
latitude) (Hajra, 2001; Willson, 1999). Most of the US falls below 43º N latitude,
potentially making large portions of the US suitable for tea production. Altitude also
plays a vital role in tea production; higher elevation is required for tea production near
the equator. This increase in elevation results in a decrease in temperature, whereas tea
growing areas further from the equator may be grown closer to sea level. Optimal
temperatures for tea production during the growing season are 18 to 30ºC (64 to 86°F)
(Bhagat et al., 2010; Willson, 1999), while Luo (2007) reports different tea cultivars can
withstand temperatures ranging from -16°C to 40ºC (3°F to 104º). Hajra (2001) reports
tea is grown in regions receiving between 1150 and 6000 mm of annual rainfall, with
humidity levels of 80% to 90% during the growing season being most favorable.
Proper soil type is required for successful production of tea. Tea is grown on
many different soil types across the world from sedimentary soils to soils derived from
volcanic ash (Hajra, 2001). The most important soil characteristic for C. sinensis
production is soil pH. The recommended pH range for tea varies between 4.5 and 5.5
(Gascoyne et al., 2016; Hajra, 2001; Ruan et al., 2007; Willson and Clifford, 1992). Tea
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fields should drain well, as waterlogged plants show poor shoot production, leaf
chlorosis, defoliation, potential dieback, and increased incidences of disease.
Planting Date
Internationally, tea planting generally occurs based on stage of plant growth and
weather conditions (Luo, 2007). Plants are normally planted during dormancy and when
humidity and soil moisture are high.
Hajra (2001) suggests planting should occur when plants have the longest
possible time to establish themselves before adverse weather conditions are expected.
Also, a cool humid climate with moist soils increases chances of survival. In Darjeeling,
planting occurs before annual monsoon rains. In eastern Assam, winter months provide
cool weather and occasional rain showers. In western Assam, winter months experience
drought, and planting occurs in May to June.
In Indonesia and Sri Lanka, planting occurs at any time of year. The climate in
this region experiences frequent rainfall and mild temperatures (Hajra, 2001). In Japan,
planting occurs in late March to early April. Planting times are known for traditional tea
producing countries because of centuries of experience. There is a paucity of published
scientific literature.
In Mississippi, the appropriate time to plant tea is unknown. Planting of other
perennial crops, such as blueberries, is recommended during the dormant season
(November to February) (Braswell et al., 2015; Retamales and Hancock, 2012).
However, unlike the semi-deciduous blueberry, C. sinensis is an evergreen shrub and
may be susceptible to winter cold damage.
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Planting Density
Field planting varies between tea producing countries, making it difficult to
generalize an exact method of field design (Barbora, 1994; Hajra, 2001, Othieno, 1994).
One consistency is the goal to have almost complete coverage of the C. sinensis canopy
to prevent light filtration to the ground, reducing weed competition. Recommended
planting density varies widely (Table 2.1). Fields with higher planting densities may have
reduced weed pressure, reduced initial soil loss, and higher initial yields. As plants age,
however, there may be competition between plants for soil moisture and nutrients.
Shading
It is thought young plants benefit from the addition of shade while they are
establishing. In many countries this has been accomplished by planting tea under the
canopy of fast-growing leguminous trees, such as Albizia chinensis (Osbeck) Merr.
(Hajra, 2001; Willson, 1999). It has been suggested C. sinensis grown under shade had
reduced response to fertilizer application when compared to unshaded plants
(Kulasegaram and Kathiravetpillai, 1983). Shade trees can serve as a host for insect pests
and may increase incidences of disease. Some benefits of shade include regulation of
temperature, increased humidity, wind protection, solar radiation reduction, and reduction
of soil loss.
Song et al. (2012) observed the addition of Metrosideros polymorpha trees to a
tea field in Honokaa Hawaii, affected six major compounds in tea leaves: L-theanine,
caffeine, (-)-epigallocatechin gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin
(EC), and (-)-epicatechin gallate (ECG). These compounds are reported to have health
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benefits to humans. Song et al. (2012) did note this relationship was complex and needed
to be addressed in future studies.
Ruter (2002) found container plants of Camellia olerifera Abel could be grown in
Georgia without shading; however, optimal growth occurred under 30% reduction shade
cloth when compared to no shade and 55% shade cloth. It was not determined if shade
cloth would be of benefit once plants were planted into the field.
Some tea produced in Japan is made from plants which have been covered with
shade cloth with up to 80% light reduction for a short period of time (Gascoyne et al.,
2016; Willson and Clifford, 1992; Yagi et al., 2010). The shade produces tea that is
tender, very dark green, and low in tannins. Wang et al. (2012) suggests shade can reduce
the concentration of flavonoids found in tea leaves, reducing astringency and improving
quality. Before the advent of woven shade cloth, bamboo and straw structures were built
to shade the plants. Shaded fields produce Gyokuro, Kabusecha, Tencha, and Matcha
teas. The length of time plants are shaded depends on the type of tea to be made.
Lee et al. (2013) found 95% shade reduction treatments of 0, 15, 18, or 20 days
improved nutritional and sensory quality of tea when compared to a no shade control
treatment. They also saw an increase in quercetin-galactosylrutinoside, kaempferolglucosylrutinoside, epicatechin gallate, epigallocatechin gallate, tryptophan,
phenylalanine, theanine, glutamine, glutamate, and caffeine levels.
Pruning
Once a tea field is planted, plants must be pruned often to create appropriate
branch architecture for production (Saikia, 2013). Pruning methodology and terminology
varies amongst tea producing countries, but in general, multiple pruning events at
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increasing heights are used to widen the plucking table and decrease the amount of time
before harvest. Willson (1999) recommends pruning heights of 20cm (7.9 in) and 40 cm
(15.7 in). Hajra (2001) suggests young plants should be decentered, removing the leader
stem at a height between 7 cm (2.8 in) and 20 cm (7.9 in), and further pruning at 35-40
cm (13.8-15.7 in).
Harvesting
Tea is made from the tender new growth of C. sinensis. In general, the apical
meristem, internodes, and first few leaves are harvested (Astika, 1994; Hajra, 2001).
There are four main types of hand plucking: super-fine plucking, fine plucking, medium
plucking, and course plucking. When only the leaf bud, internodes, and the first leaf are
removed, it is considered imperial plucking or super-fine plucking. In the past, this tea
was meant only for the Chinese Imperial Court. Often this tea is only harvested once, at
the first flush of the year. Fine plucking consists of the leaf bud, internodes, and first two
leaves. Medium plucking consists of the leaf bud, internodes, and first three leaves.
Course plucking contains the leaf bud, internodes, more than two or three first leaves, and
other mature dormant shoots (Wijeratne, 2003). More recently, machine harvesters have
been introduced to reduce the demand for labor. These machines are not always practical
for harvest on a sloped field, nor can they produce the quality leaf of a hand plucked tea.
It takes around 5 kg (11 lbs.) of fresh leaves to produce 1 kg (2.2 lbs.) of dry tea
(Gascoyne et al., 2016). Twelve thousand individually picked shoots, consisting of a bud
and two leaves, make 1 kg (2.2 lbs.) of made tea (Hajra, 2001).
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Processing and Types of Teas
Processed tea is commonly divided into six classes; green, yellow, white, oolong,
black (red), and brick (pu-erh) (Heiss and Heiss, 2007). All tea is derived from the leaves
of C. sinensis, but different classes of tea are created through processing (Table 2.2).
Eight processes are employed: plucking, sorting, cleaning, withering, different classspecific processes, drying, sorting, and packaging. Class-specific processes ultimately
determine the class of tea. These class-specific processes generally alter the amount of
time the tea leaves are allowed to oxidize. Tea processing is a science and an art within
itself and was not included in this research.
Camellia sinensis has a dramatic history which has changed the world and may
offer Mississippi farmers another crop to add to their cropping system. While tea has
been cultivated internationally for thousands of years, it is important for US producers to
adapt current practices in a manner that will make them successful.
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Table 2.1

Planting density of Camellia sinensis fields at different spacings [adapted
from Hajra (2001)].

Planting type

Spacing (cm)

Plants·ha-1

Plants·ac-1

Single hedge

90 × 60
110 × 60
120 × 60
120 × 75
120 × 90
110 × 60 × 60
120 × 60 × 60

18518
15151
13888
11111
9259
19607
18518

7494
6131
5620
4496
3747
7935
7494

Double hedge

120 × 75 × 75
13675
5534
120 × 90 × 90
12345
4996
Staggered double hedge
110 × 60 × 60
20575
8326
120 × 60 × 60
19379
7842
120 × 75 × 75
14414
5833
120 × 90 × 90
13888
5620
Hajra, N. G. 2001. Tea cultivation: comprehensive treatise. International Book
Distribution Company, Charbagh, India.
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Table 2.2

Organization of the styles of finished tea [adapted from Heiss and Heiss
(2007)].

Chinese Classification

Modern Classification

Level of Oxidation

Green tea

Green tea

None

Yellow tea

Yellow tea

None

White tea

White tea

Very Slight (< 8 percent)

Blue tea

Oolong tea

12 to 80 percent

Red tea

Black tea

Complete

Pu-erh

Sheng Pu-erh tea

Slightz

Black tea

Shou Pu-erh tea, Liu Bao,

Significantz

(1644-1911)

Zhu Qiao, etc.
Heiss, M. L. and R. J. Heiss. 2007. The story of tea: A cultural history and drinking
guide. Ten Speed Press, Berkeley, CA.
z
Tea is also fermented during processing.
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CHAPTER III
EVALUATION OF NITROGEN RATE ON GROWTH OF CAMELLIA SINENSIS FOR
COMMERCIAL PRODUCTION

Introduction
Nitrogen (N) is a critical nutrient for tea production, making up 5% of the dry
weight of the crop (Willson, 1999). It is difficult to optimize N fertilizer
recommendations due to the dynamic nature of available N (Sitienei et al., 2013). With
increased cost of inputs, there is the need to develop recommendations for N application.
It has been suggested to US nursery growers that Camellia spp. have a low nutrient
requirement (Southern Nursery Association, 2013). While the benefits of N application
are understood, the rate of N to apply should not be in excess, as not to waste money.
Nitrogen application rates for US nursery production of Camellia sinensis have not been
determined.
Nitrogen is carried to the youngest parts of the plant throughout the growing
season (Barker and Bryson, 2007; Mills and Jones, 1996). When N is deficient,
symptoms are often noticed on the older portions of the plant. However, N deficiency
restricts the growth of all plant parts. Nitrogen deficiency symptoms include chlorotic
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leaves, stunted plants, necrosis of leaves, reduced root growth, and restricted root
branching.
Nursery Production
In traditional tea producing countries, C. sinensis transplants are grown using
native soils in plastic sleeves (Willson, 1999). In the Southeastern US, pine bark,
sphagnum peat moss, and sand are the predominant components of nursery substrates,
with pine bark making up the largest component due to its availability, cost, bulk density,
and other physical properties (Southern Nursery Association, 2013). Dry pine bark’s bulk
density, or weight per volume, ranges from 0.19-0.24 g/cc, depending on particle size.
This lower bulk density, compared to native soil, allows for lower shipping costs of
inputs and finished plants, as well as easier handling during production.
While there are many advantages to using soilless substrates, one disadvantage is
a generally lower cation exchange capacity (CEC), resulting in greater nutrient mobility
than with soil. The Southern Nursery Association (2013) reports CEC for common
substrate components: aged pine bark, 10.6 meg/100 ml; sphagnum peat moss, 11.9
meg/100 ml; vermiculite, 4.9 meg/100 ml; and sand, 0.5 meg/100 ml. The utisols of the
Southeast US range from 1-3 meg/100 ml in sandy soils to 20-40 meg/100 ml in organic
soils (Havlin et al., 2014a). To overcome the low CEC of soilless substrates, many
nurseries use controlled-released fertilizers (CRFs). These fertilizers are resin- or
polymer-coated fertilizer prills that release nutrients over time (Cabrera, 1997; Grable,
2017; Yeager and Cashion, 1993). Due to the coating of the fertilizer prill, the cost of
CRFs is higher than commodity fertilizers. Controlled-release fertilizers release N over
time as a function of temperature, microbial activity, and hydrolysis (Havlin et al.,
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2014b). Controlled-release fertilizers can reduce N loss that can otherwise occur through
volatilization, denitrification, and leaching.
Hamid et al. (2000) evaluated the effects of the addition of ammonium to field
soil in polyethylene sleeves before tea cuttings were stuck. Treatments were: 0, 0.04, or
0.08 g N per container. They found the addition of 0.08 g N, as (NH4)2SO4, increased
root growth, plant height, and number of leaves per plant compared to 0.04 and 0 g N.
Okano et al. (1995) studied the effect of application of varying rates of
ammonium sulfate on tea plants grown in field soil in polyethylene sleeves. They applied
either 0, 0.2, 0.4, 0.8, 1.2, 1.6, 2.0, or 2.4 g N per container, split over 5 applications over
a year. They observed whole plant growth and photosynthesis rate of mature leaves
increased with increasing N application rate to 0.8 g N per container. They did not
observe any injury to tea plants due to excess N.
Okano et al. (1997) expanded on their previous study by evaluating more rates of
N applied to container grown tea. In this study they applied either 0, 0.6, 1.2, 1.8, 2.4, 3,
3.6, 4.2, 4.8, or 5.4 g N, split over five applications in a year, to plants in polyethylene
sleeves with field soil. There was no visible damage to leaves of plants receiving 0.6 to
2.4 g N. Plants receiving 0 g N were chlorotic, whereas plants receiving 3 to 3.6 g N
showed leaf tip burn. Plants treated with 4.2 g N or more began to defoliate and or die.
Growth was stunted with plants receiving 0 g N and greater than 3 g N; however, plants
treated with 0.6 to 2.4 g N showed favorable growth. The objective of this research was
to determine a suitable N application rate for the nursery production of C. sinensis for
commercial tea production.
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Materials and Methods
One-year-old liners [10.2-cm (4-in) square container,0.76-L (0.203 gal)] of C.
sinensis ‘CS 101’ (Transcend Nurseries, Independence, LA) were planted in 2.5-L [trade
gallon, 15.24 cm (6 in) diameter] containers in a pine bark substrate and top-dressed with
one of five N treatments: 0 (control), 2, 4, 6 or 8 g N {31-0-0 Florikote Advantage 3stage mini 4-5 month, 22 % urea N [CO(NH2)2], 9% ammoniacal N [(NH4)2SO4];
Florikan E.S.A. LLC, Sarasota, FL.}. Other macronutrients and micronutrients were preplant incorporated at uniform rates across all treatments [3.3 g 0-18-0 (Hi-Yield super
phosphate; Voluntary Purchasing Groups, Inc., Bonham, TX), 2.45 g 0-0-49 (Post
Aerification Blend, Florikan E.S.A. LLC, Sarasota, FL), and 2.5 g micronutrients
(Micromax Granular; Everris, Dublin, OH)]. Tea plants were pruned to a uniform height
[12 in (30.5 cm)] and grown under ambient photoperiod (25 June – 4 Nov. 2014) on
raised benches in a single pane glass glazed greenhouse at Mississippi State University
(Miss. St., MS; 33°27’ -88º47’). There were ten single-container replications per
treatment in a completely randomized design.
Plant growth indices (PGI) {[height + width 1 (widest width) + width 2
(perpendicular to width 1)]/ 3} and leaf greenness (SPAD) readings were collected at
week 7 and at termination (week 19). Leaf SPAD readings were collected from the first
three fully expanded leaves using a hand-held chlorophyll meter (SPAD 502 Plus; Konica
Minolta, Tokyo, Japan). Substrate pH and electrical conductivity (EC) were measured
from leachate collected using the pour-through nutrient extraction procedure throughout
the experiment (Wright, 1986). At termination of experiment, photosynthetic rate was
measured using a portable photosynthesis system (LI-6400XT; LI-COR Environmental,
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Lincoln, NE). Ambient light served as the light source, and block temperature inside the
leaf chamber was maintained according to the atmosphere temperature of the measuring
date.
Plants were destructively harvested and separated into shoots and roots on 14
November 2014. Leaf area of each plant was recorded at termination using a leaf area
meter (LI-3100C; LI-COR Environmental, Lincoln, NE). Roots of three plants from each
treatment were washed and measured for total root length and surface area by scanning
an image (Epson Expression 10000XL; Epson America Inc., Long Beach, CA) of the
roots and analyzing the image (WinRHIZO software; Regent Instruments Inc., Québec
City, QC).
Tissue samples were cleaned of debris and substrate using deionized water.
Samples were dried at 60ºC until they reached a constant weight. Root dry weight (RDW)
and shoot dry weight (SDW) were recorded, while total plant dry weight was calculated
by summing root and shoot dry weight of each plant. Dried samples were ground to pass
a 1-mm sieve (20 mesh) using a Wiley mill (Thomas Scientific, Swedesboro, NJ). The
Kjeldahl procedure was used for the determination of total N using 0.1g of dry tissue
sample (Bremner, 1965). Nutrient analysis was obtained from 0.1 g sample of oven-dried
tissue which was digested by 1:1 hydrochloric acid (6N) to water (v: v) and measured for
concentrations of P, K, Ca, Mg, Fe, Mn, Zn, Cu, and B using an inductively coupled
plasma (ICP) spectrophotometer (Mississippi State University Extension Service Soil
Testing Lab, Mississippi State, MS). Tissue nutrient content was calculated by
multiplying tissue nutrient concentration by dry mass of the respective tissue. Whole
plant nutrient content was calculated by summing leaf, shoot, and root nutrient content.
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Whole plant nutrient concentration was estimated by dividing the total nutrient content by
the total plant dry weight as described by Li (2016).
Data were analyzed with ANOVA-type analyses using linear models with the
GLIMMIX procedure of SAS (version 9.4; SAS Institute Inc., Cary, NC). P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method
(Pα=0.05).
Results and Discussion
Plant Growth
Plant growth indices were higher with plants receiving N applications, compared
to control plants. At experiment termination, all plants receiving N had similar plant
growth indices (Fig. 3.1). Plants that received 2, 4, or 6 g N had similar root dry weight
(RDW), while all plants treated with N had similar shoot dry weight (SDW) (Fig. 3.2).
Leaf area, root length, and root surface area were greater when N was applied, but there
was no statistical difference in leaf area, root length, and root surface area of plants based
on N rate (Figs. 3.3, 3.4, and 3.5).
Photosynthetic Rate and SPAD Readings
Plants treated with N had higher net photosynthetic rates than plants that did not
receive any N. Net photosynthetic rates of plants treated with 4, 6, and 8 g N were
comparable (11.8, 11.1, and 13.7 µmol·m-2·s-1, respectively) and were higher than for
plants treated with 2 g N (8.43 µmol·m-2·s-1) (Fig. 3.6).
At week 7, plants treated with 4 g N had SPAD readings of 71.56, which was
higher than plants treated with 0 or 2 g N (42.9 and 56.6) (Fig. 3.7). Plants treated with 4,
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6, and 8 g N had similar SPAD readings. At week 19, plants treated with 4, 6, and 8 g N
had comparable SPAD readings, from 72.2 to 78.18, and had higher SPAD readings than
plants treated with 0 and 2 g N (35.5 and 58.5, respectively).
SPAD readings were similar to results found by Liu et al. (2012), who compared
SPAD readings to chlorophyll content and leaf N concentration. Their research, on fieldgrown tea, found mean SPAD readings ranging from 60.92 to 63.04 with leaf N
concentrations of 3.17 to 3.81%, whereas in this study plants receiving 2 g N had mean
SPAD reading of 58.5 at termination and leaf N concentration of 3.46 %.
Nutrient Concentration and Content
Leaf Macronutrient Concentrations
Leaf N concentration of plants treated with 8 g N was 5.79%, higher than with
other treatments (Table 3.1). Plants treated with 4 and 6 g N had similar leaf N
concentration. Plants receiving N had higher leaf N concentration than plants receiving 0
g N. Leaf N concentration was below the sufficiency range (2.5%-5.8%) (Bonheure and
Willson, 1992; Gu et al., 2002; Mills and Jones, 1996) only in plants that received no N
(1.92%).
Plants receiving 0 g N had leaf P concentration of 0.59%, which was higher than
with plants receiving any other treatment (Table 3.1). This can be attributed to reduced
plant biomass, resulting in a higher concentration of P. Plants treated with 4, 6, and 8 g N
had similar leaf P concentrations. Leaf N and P concentrations were higher in plants
receiving 4, 6, and 8 g N than in plants treated with 2 g N. This might be because there
was enough N to stimulate a growth response, but not enough to stimulate additional P
uptake. Leaf P concentrations were within sufficiency range at all treatment levels.
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Leaf K concentrations were higher in plants treated with 0 g N than other
treatments (Table 3.1). Plants treated with 2 g N had higher leaf K concentrations than
plants treated with 4, 6, and 8 g N. Leaf K concentrations were similar in plants receiving
4, 6, and 8 g N. Plants treated with 4 and 8 g N had leaf K below sufficiency range,
however they did not display visual deficiency symptoms. Visual K deficiency symptoms
of tea include scorching of leaf margins and a pronounced purple color to the leaves
(Pethiyagoda and Krishnapillai, 1970).
There was no difference in leaf Ca concentration or leaf Mg concentration at any
treatment level (Table 3.1). All plants had leaf Mg concentrations within the sufficiency
range (0.05%-0.5%). All plants had leaf Ca concentrations above the sufficiency range
(0.2%-1.09%), regardless of N rate.
Leaf Micronutrient Concentrations
Leaf Fe concentrations were higher in plants treated with 4, 6, and 8 g N than
plants treated with 2 g N (Table 3.1). Plants treated with 0, 4, 6, and 8 g N had similar
leaf Fe concentrations. Plants treated with 0 and 2 g N had comparable leaf Fe
concentrations. Plants treated with 2 g N were below Fe sufficiency range.
Plants treated with 4, 6, and 8 g N had similar leaf Mn concentration, and had
higher leaf Mn concentrations than plants treated with 0 or 2 g N (Table 3.1). Leaf Mn
concentration was similar in plants treated with 0 and 2 g N. All plants had leaf Mn
concentrations within sufficiency range.
There was no significant difference in leaf Zn concentration, however plants
treated with N had leaf Zn concentrations below sufficiency range (Table 3.1) Zn
deficiency symptoms include strap like young leaves which are bunched together, and
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inward curling of leaf margin (Nelson, 2006). None of the plants exhibited visual
symptoms of Zn deficiency.
Plants treated with 0 and 2 g N had similar leaf Cu concentrations and had leaf Cu
concentrations higher than plants treated with 4, 6, and 8 g N. Plants receiving 4, 6, and 8
g N had similar leaf Cu concentrations (Table 3.1). All plants, regardless of treatment,
had leaf Cu concentrations below sufficiency range. Symptoms of Cu deficiency include
stunted growth and cupping of leaves, however no plants showed Cu deficiency
symptoms (Mashingaidze, 2014).
Leaf B concentration was higher in plants receiving 0 g N than in plants receiving
N (Table 3.1). Plants receiving N had similar leaf B concentration. Leaf B concentrations
were within sufficiency range.
Leaf Nutrient Content
Leaf N content was higher in plants receiving N application than plants receiving
no N (Table 3.2). Plants treated with 4, 6, and 8 g N had similar leaf N content. Leaf N
content was similar in plants treated with 2 and 4 g N. Leaf P content was comparable in
plants treated with N, and leaf P content was higher in plants that received N application
compared to plants receiving no N. Leaf K content was similar in plants treated with 2
and 6 g N and higher than other treatments. Leaf K content was similar in plants treated
with 4 and 8 g N and higher than plants receiving no N. Leaf Ca content was similar in
plants treated with N, and higher in plants treated with N than plants receiving no N. Leaf
Mg content was similar in plants receiving N, and higher in plants treated with N than
plants receiving no N.

34

Leaf Micronutrient Content
Plants treated with 6 g N had higher leaf Fe content compared to plants treated
with 0 and 2 g N (Table 3.2). Leaf Fe content was similar in plants treated with 4, 6, and
8 g N. Plants receiving 2, 4, and 8 g N had similar leaf Fe content. Plants treated with N
had higher leaf Fe content than plants receiving no N. Leaf Mn content was higher in
plants treated with 4 and 6 g N than plants receiving 0 and 2 g N. Plants treated with 4, 6,
and 8 g N had similar leaf Mn content. Leaf Mn content was similar in plants treated with
2 and 8 g N. Plants treated with N had higher leaf Mn content than plants receiving no N.
Leaf Zn content was similar in plants treated with N, and higher in plants treated with N
than plants receiving no N. Plants treated with 2 g N had leaf Cu content higher than
other treatments. Leaf Cu content was similar in plants treated with 4, 6, and 8 g N.
Plants treated with N had higher leaf Cu content than plants receiving no N. Leaf B
content was similar in plants treated with N, and higher in plants treated with N than
plants receiving no N. Shoot and root tissue analysis results were omitted for brevity;
however, they can be found in the appendix (Table A.1 – A.6).
Substrate Leachate
Leachate pH decreased with increasing N rate at both collection dates. Inversely,
leachate EC increased with increasing N rate (Figs. 3.8 and 3.9). At termination, leachate
pH of plants receiving 8 g N was 3.41, while the leachate pH of containers treated with 0
g N was 5.81. While Camellia sp. are known to grow in acidic soils, 3.41 is lower than
the recommended pH range of 4.5-5.5 (Hajra, 2001). Willson (1999) suggests tea can
grow in soils with a pH below 4. Nitrification may be reduced in substrates with a pH of
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less than 5; supplemental lime may be required to raise the pH and allow for increased
nitrification (Havlin et al., 2014a).
Conclusion
Tea production in the US is in its infancy compared to traditional tea producing
countries, and there is a lack of information available for nursery producers on the
fertilization of tea. Establishing a tea plantation has a large initial investment, every effort
to reduce initial inputs will result in a quicker return on investment. Identifying N rates
for nursery production of tea will help to prevent growers from overapplying N and
wasting resources.
In this study, the effects of five N application rates, via controlled-release
fertilizer, on growth of containerized C. sinensis plants grown in pine bark substrate were
evaluated. Plants treated with 2 g N had similar PGI, root dry weight, shoot dry weight,
leaf area, root length, and root surface area compared to plants that received higher N
rates. There were no visual signs of N toxicity in plants. Nitrogen rates in this study were
similar to N rates used by Okano et al. (1997). In their study plants treated with 3, 3.6,
4.2, 4.8, or 5.4 g N showed leaf tip burn, necrosis, and or death.
Leaf N concentration was highest in plants treated with the highest N application
rate, however, all plants receiving N application had leaf N concentration within
sufficiency range. SPAD readings were similar to results of previous studies on tea that
correlated SPAD readings to chlorophyll content and leaf N concentration in field grown
tea (Liu et al., 2012).
This study was limited in the number of N application rates and was conducted on
one C. sinensis cultivar. To strengthen N application recommendations, an increase in N
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application rates and range is necessary. N application rate may vary based on cultivar;
future work should focus on evaluating different cultivars’ response to N application
rates.
For domestic production to become successful, producers will have to find ways
to save money to compete with countries with lower input costs. This study showed
growers can fertilize at 2 g N per container, thus reducing input costs, and produce
comparable plants to those receiving higher N rates.
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Table 3.1

Leaf concentration of macronutrients and micronutrients in Camellia
sinensis ‘CS 101’ plants grown in a container with five nitrogen (N) rates,
measured at 19 weeks after treatment initiation.
Leaf Macronutrient Concentration (%)

N applied (g)

z

y

N

P

K

Ca

Mg

0

1.92 d

0.59 a

2.77 a

1.40

0.32

2

3.46 c

0.30 c

1.68 b

1.26

0.31

4

4.80 b

0.41 b

1.10 c

1.31

0.34

6

5.14 b

0.40 b

1.17 c

1.34

0.37

8

5.79 a

0.45 b

1.00 c

1.34

0.374

Sufficiency Range v,w,x

2.5-5.8

0.15-0.9

1.11-3

0.2-1.09

0.05-0.5

Leaf Micronutrient Concentration (ppm)
N applied (g)z

Fey

Mn

Zn

Cu

B

0

78.8 ab

907.8 b

13.8

2.6 a

85.2 a

2

58.2 b

1258.0 b

11.8

2.8 a

56.2 b

4

98.6 a

2540.0 a

11.6

1.2 b

55.4 b

6

99.4 a

2254.0 a

11.6

1.4 b

55.0 b

8

90.8 a
60-500

2032.0 a
50-5000

11.0
13-65

1.2 b
6-30

59.6 b
8-100

Sufficiency Range
z

Nitrogen application rate in a controlled release formulation [{31-0-0 Florikote
Advantage 3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N
[(NH4)2SO4] Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants
grown in a greenhouse in Miss. State, MS.
y
Different letters within a column suggest significant difference; P values for simultaneous
mean comparison were adjusted using the Royen-Tukey-Kramer method (Pα = 0.05).
x
Bonheure, D., and Willson, K. C. 1992. Mineral nutrition and fertilizers. In: Tea:
cultivation to consumption. Chapman and Hall, London, United Kingdom.
w
Gu, Q., J. Lu, and B. Ye. 2002. Tea Chemistry. China University of Science and
Technology Press, Hetei, China.
v
Mills, H. A., and J. B. Jones, Jr. 1996. Plant analysis handbook II. MicroMacro
Publishing, Inc. Athens GA.
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Table 3.2

Leaf content of macronutrients and micronutrients in Camellia sinensis ‘CS
101’ plants grown in a container with five nitrogen (N) rates, measured at
19 weeks after treatment initiation.
Leaf Macronutrient Content (mg)

N applied (g)z

Ny

P

K

Ca

Mg

0

11.2 c

3.5 b

16.5 c

8.2 b

1.9 b

2

212.0 b

18.7 a

101.7 a

77.6 a

18.8 a

4

271.9 ab

23.2 a

63.1 b

73.9 a

18.9 a

6

373.1 a

28.5 a

84.0 a

96.1 a

26.5 a

8

339.6 a

N applied (g)x

Fey

Mn

Zn

Cu

B

0

45 c

538 c

8b

1c

49 b

2

355 b

8035 b

73 a

17 a

344 a

4

556 ab

14425 a

66 a

7b

315 a

6

722 a

16371 a

83 a

10 b

392 a

26.1 a
57.9 b
78.4 a
Leaf Micronutrient Content (µg)

21.9 a

8
547 ab
12044 ab
63 a
7b
349 a
Nitrogen application rate in a controlled release formulation {31-0-0 Florikote
Advantage 3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N
[(NH4)2SO4] Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants
grown in a greenhouse in Miss. State, MS.
y
Different letters within a column suggest significant difference; P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method
(Pα = 0.05).
z

39

40

A

35

A

30

PGI

20

c

A

a

ab

25

A
b

b

B

15
10
5
0
0

2

4

6

8

Applied N (g)
Week 7

Figure 3.1

Week 19

Plant growth index (PGI) of Camellia sinensis ‘CS 101’ plants grown in
2.5-L containers, with five nitrogen (N) rates, in a greenhouse at
Mississippi State, MS.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants grown in a
greenhouse in 2014.
PGI = [plant height + width 1 (widest point) +width 2 (perpendicular width)]/3.
Different lowercase letters suggest significant difference among treatments on 14 Aug.
2014 (7 weeks after treatment initiation).
Different uppercase letters suggest significant difference among treatments on 4 Nov.
2014 (19 weeks after treatment initiation).
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα= 0.05).

40

12

Dry weight (g)

A

A

10

A

A

8
6

a

a
ab

4
2

b

B

c

0
0

2

4

6

8

Applied N (g)
Root Dry Weight

Figure 3.2

Shoot Dry Weight

Root and shoot dry weight of Camellia sinensis ‘CS 101’ plants grown in
2.5-L containers, with five nitrogen (N) rates, in a greenhouse at
Mississippi State, MS. Plants were destructively harvested after 19 weeks.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants grown in a
greenhouse in 2014.
Different lowercase letters suggest significant difference in root dry weight among
treatments.
Different uppercase letters suggest significant difference in shoot dry weight among
treatments.
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα= 0.05).
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Figure 3.3

Leaf area of Camellia sinensis ‘CS 101’ plants grown in 2.5-L containers,
with five nitrogen (N) rates, in a greenhouse in Miss. State, MS. Plants
were destructively harvested after 19 weeks.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants grown in a
greenhouse in 2014.
Different lowercase letters suggest significant difference, P values for simultaneous mean
comparison were adjusted using the Royen-Tukey-Kramer method (Pα = 0.05).
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Figure 3.4

Root length of Camellia sinensis ‘CS 101’ plants grown in 2.5-L
containers, with five nitrogen (N) rates, in a greenhouse at Mississippi
State, MS. Plants were destructively harvested after 19 weeks.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants grown in a
greenhouse in 2014.
Different lowercase letters suggest significant difference, P values for simultaneous mean
comparison were adjusted using the Royen-Tukey-Kramer method (Pα = 0.05).
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Figure 3.5

Root surface area of Camellia sinensis ‘CS 101’ plants grown in 2.5-L
containers, with five nitrogen (N) rates, in a greenhouse at Mississippi
State, MS. Plants were destructively harvested after 19 weeks.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants grown in a
greenhouse in 2014.
Different lowercase letters suggest significant difference, P values for simultaneous mean
comparison were adjusted using the Royen-Tukey-Kramer method (Pα = 0.05).
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Figure 3.6

Net photosynthetic rate of Camellia sinensis ‘CS 101’ plants grown in 2.5L containers, with five nitrogen (N) rates, in a greenhouse at Mississippi
State, MS.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants grown in a
greenhouse in 2014.
Different lowercase letters suggest significant difference, P values for simultaneous mean
comparison were adjusted using the Royen-Tukey-Kramer method (Pα = 0.05).
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Figure 3.7

Week 19

SPAD readings of Camellia sinensis ‘CS 101’ plants grown in 2.5-L
containers, with five nitrogen (N) rates, in a greenhouse at Mississippi
State, MS.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL} top dressed to containerized plants grown in a
greenhouse in 2014.
Leaf SPAD readings were collected from the first three fully expanded leaves using a
hand-held chlorophyll meter (SPAD 502 Plus; Konica Minolta, Tokyo, Japan).
Different lowercase letters suggest significant difference among treatments on 14 Aug.
2014 (7 weeks after treatment initiation).
Different uppercase letters suggest significant difference among treatments on 4 Nov.
2014 (19 weeks after treatment initiation).
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).

46

7
6

A
a

pH

5

b

B

c

4

C

c

C

c
C

3
2
1
0
0

2

4

6

8

Applied N (g)
Week 7

Figure 3.8

Week 19

Container leachate pH of Camellia sinensis ‘CS 101’ plants grown in 2.5-L
containers, with five nitrogen (N) rates, in a greenhouse at Mississippi
State, MS.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL.} top dressed to containerized plants grown in a
greenhouse in 2014.
Different lowercase letters suggest significant difference among treatments on 14 Aug.
2014 (7 weeks after treatment initiation).
Different uppercase letters suggest significant difference among treatments on 4 Nov.
2014 (19 weeks after treatment initiation).
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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Figure 3.9

Week 19

Container leachate electrical conductivity (EC) of Camellia sinensis ‘CS
101’ plants grown in 2.5-L containers, with five nitrogen (N) rates, in a
greenhouse at Mississippi State, MS.

Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage
3-stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4]
Florikan E.S.A. LLC, Sarasota, FL.} top dressed to containerized plants grown in a
greenhouse in 2014.
Different lowercase letters suggest significant difference among treatments on 14 Aug.
2014 (7 weeks after treatment initiation).
Different uppercase letters suggest significant difference among treatments on 4 Nov.
2014 (19 weeks after treatment initiation).
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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CHAPTER IV
EFFECT OF COLORED SHADE CLOTH ON GROWTH OF NEWLY PLANTED TEA
IN MISSISSIPPI
Introduction
Camellia sinensis grows naturally in the understory of forests in tropical and
subtropical Asia. In forests it is protected from the sun and humidity is generally higher.
Young C. sinensis plants, grown for tea production, often require protection from the sun
(Hajra, 2001). In many countries this is accomplished by planting tea under canopies of
fast growing leguminous trees, such as Albizia chinensis (Osbeck) Merr. (Carr, 1972;
Hajra, 2001; Willson, 1999). It has been suggested that C. sinensis plants grown under
shade have reduced response to fertilizer application compared to unshaded plants
(Kulasegaram and Kathiravetpillai, 1983). Shade trees can also serve as a host for insect
pests, thus increasing incidences of disease. Some benefits of shade trees include:
regulation of air temperature, increased humidity, wind protection, solar radiation
reduction, and reduction of soil loss.
Use of Shade in Tea Production
Most shade used in tea production comes in the form of fast growing shade trees,
planted at the same time as a new tea field, or branches placed over newly planted tea
(Barua, 1989). Although the selected trees are fast growing, they offer little benefit to
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newly planted tea plants due to their small size. In some tea producing countries,
secondary crops are grown between rows of tea to provide shade for young tea.
A portion of the tea produced in Japan is made from plants that have been covered
with shade cloth of up to 80% for a short period of time (Gascoyne et al., 2016; Ku et al.,
2010; Saijo, 1980; Willson and Clifford, 1992; Yagi et al., 2010). The shade produces tea
that is tender, dark green, and low in tannins. Before the advent of woven shade cloth,
bamboo and straw structures were built to shade these plants, producing Gyokuro,
Kabusecha, Tencha, and Matcha teas. The length of time plants are shaded dictates the
resulting type of tea.
Use of Shade in Agriculture Production
Shade cloth has widely been used in ornamental horticulture production. Modern
shade structures use woven shade cloth also known as shade nets. Shade cloth alters air
temperature, plant surface temperature, incoming solar radiation, relative humidity, and
air flow (Maughan et al., 2017). Shade can also alter plant growth, resulting in larger
leaves, taller plants, and elongated internodes.
Armitage (1991) studied the effect of incorporating shade cloth in cut-flower
production. He found plants grown under shade had longer flower stems than those
grown without shade, but noted there was a species-dependent reduction in yield. Yield
of Centaurea americana ‘Jolly Joker’ and Eryngium planum declined linearly with
increasing reduction in irradiance. On the other hand, yield of Echinops ritro ‘Taplow
Blue’ was higher under 55% shade than without shade.
Ruter (2002) found container plants of Camellia olerifera could be grown in
Georgia without shading, but optimal growth was achieved under 30% shade cloth
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compared to no shade or 55% shade cloth. It was not determined if shade cloth would be
of benefit once plants were planted to the field.

Colored Shade
Colored shade cloth, or photo-selective netting, alters the spectra of radiation
reaching the plant (Shahak, 2008). Traditional black shade cloth reduces the amount of
light and does not alter the spectral composition of light. Colored cloth is composed of
holes as well as translucent-photo-selective plastic threads, allowing unmodified light and
diffused spectrally modified light to pass. Effects of colored shade have been studied on a
variety of horticulture crops including: blueberries, kiwi, orchids, peaches, apples, grapes,
pears, vegetables, cut-flowers, and ornamental plants (Basile et al., 2012; Ilić et al., 2012;
Li et al., 2017; Meena et al., 2016; Oren-Shamir et al., 2001; Retamales et al., 2008;
Shahak et al., 2004; Stamps, 2009).
Shahak et al. (2004) evaluated six different colored shade clothes on the growth
and yield of apples and peaches. They found higher fruit set and size with plants of
‘Smoothie’ apple grown under shade, compared to plants grown without shade. They
suggest that increased fruit set and yield might be due to reduced water stress and
reduced heat damage of plants grown under shade. They also found advanced fruit size
and red coloration of fruit of ‘Hermosa’ peaches plants grown under shade. Fruit from
plants grown under red or yellow shade were firmer and sweeter than fruit from plants
grown under blue, grey, pearl, or white shade.
Meena et al. (2016) evaluated the effect of red, black, and green shade cloth on
pomegranate (Punica granatum ‘Mridula’). Their results showed plants shaded with 50%
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red shade exhibited increased fruit length, weight, and yield compared to unshaded
plants. They suggested that red shade cloth may improve agro-economic performance of
horticultural crops.
Ilić et al. (2012) studied the use of pearl, red, blue, and black shade cloth on
cultivation of ‘Vedeta’ tomato grown in Serbia. Red and pearl shade cloths increased
total yield of tomato fruit. Shading, regardless of color or percentage, increased quality
and marketable fruit by reducing tomato cracking and sun scald when compared to fruit
from plants grown without shade. Fruit from plants grown under red shade had higher
lycopene content than tomatoes from plants grown without shade. However, fruit from
shaded plants had lower ß-carotene than fruit from unshaded plants.
In kiwi production, hail nets are often used to protect fruit. Basile et al. (2012)
studied the incorporation of photo-selective (colored) netting into hail nets to determine
their effect on ‘Hayward’ kiwi production. They evaluated blue, gray, red, and white nets.
Plants shaded with white and red nets had fruit with high dry matter accumulation, which
resulted in high soluble solids concentration when fruit was stored. Blue and gray nets
negatively affected dry matter and soluble solids concentration of fruit.
Retamales et al. (2008) studied the effects of black, white, gray, and red shade
cloth (35% and 50%) on yield and growth of highbush blueberries in Chile. Their results
showed yields of shaded plants increased over control plants in year 1 and 2
(respectively): 90.5% and 44.6% (white 50% shade), 59.6% and 24.9% (gray 35%
shade), and 84.2% and 31.9% (red 50% shade). They found that, although black shade
was commonly used by producers, fruit yield from plants grown under black shade was
negatively affected compared to plants treated with no shade.
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Oren-Shamir et al. (2001) studied the use of green, red, blue, gray, black, and
reflective shade cloth to improve yield and quality of Pittosporum variegatum grown for
cut greenery. They found red shade promoted stem elongation, blue shade stunted plants,
gray shade increased branching, and reflective net enhanced long branching. They
suggest the use of colored shade can reduce the need for labor and plant growth
regulators.
Li et al. (2017) studied the effect of black, red, and blue shade cloth on two
lettuce cultivars and a cultivar of cut-flower snapdragon. They found that shade increased
plant growth indices and fresh weight of lettuce when compared to no shade control.
Shade cloth delayed flowering of snapdragon one week, compared to no shade, while
snapdragon plants treated with red shade had longer stems and inflorescences than plants
grown under black shade, blue shade, or no shade.
Effect of Shade on Tea
Natural sweetness in tea is attributed to amino acids, especially theanine, while
catechins, other flavonoids, and caffeine are often associated with astringency (Ku et al.,
2010). Wang et al. (2012) suggest that shade can reduce the concentration of flavonoids
found in tea leaves, reducing astringency and improving quality.
Song et al. (2012) observed the addition of Metrosideros polymorpha trees to a
tea field in Honokaa, Hawaii influenced six major compounds in tea leaves: L-theanine,
caffeine, (-)-epigallocatechin gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin
(EC), and (-)-epicatechin gallate (ECG). These compounds are reported to have health
benefits to humans. Song et al. (2012) did note that this relationship was complex and
needed to be addressed in future studies.
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Lee et al. (2013) evaluated the effect of varying periods of 50% black shade cloth
cover on tea leaf quality from C. sinensis ‘Yabukita’ grown in Haenam, Korea. They
found shade treatments of 15, 18, and 20 days improved nutritional and sensory quality of
tea compared to a no shade control treatment. They also saw an increase in quercetingalactosylrutinoside, kaempferol-glucosylrutinoside, epicatechin gallate, epigallocatechin
gallate, tryptophan, phenylalanine, theanine, glutamine, glutamate, and caffeine levels.
A study on the shading of mature C. sinensis plants in Sri Lanka evaluated the
relationships among shade, photosynthesis, and photoinhibition (Mohotti and Lawlor,
2002). In their experiment field grown plants were treated with either no shade, 35%
black shade, or 70% black shade. They found shading increased photosynthetic rate,
suggesting the increased photosynthetically active radiation (PAR) of unshaded treatment
photoinhibited photosynthetic rate. They state the productivity of Sri Lankan tea
production could be improved with the addition of shade.
While there has been research on the benefits of shade on quality of tea leaf,
literature is lacking on the benefit of shade on survival and growth rate of newly planted
tea. Therefore, the objective of this research was to determine the effects of three
different colored shade cloths on the survival rate and growth of newly planted C.
sinensis.
Materials and Methods
One-year-old clonal plants from cuttings of C. sinensis (cultivar unknown) [4inch container (10.2 cm)] were planted in a drip irrigated field located at R. R. Foil Plant
Research Center at Mississippi State University, MS (33.48º, -88.78º), with a soil type of
Stough fine sandy loam, mean annual precipitation of 145 to 150 cm (57 to 59 in) Figure
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A.1), and mean annual air temperature of 15 to 20° C (59 to 68° F)(Figure A.2) (Natural
Resource Conservation Service, 2017). Plants were planted in a double hedge1.8 m (6 ft)
apart and 0.9 m (3 ft) within row. Plants were pruned to a uniform height (30.5 cm, 12 in)
and fertilized based on soil test results and fertility recommendations from Luo (2007).
Colored shade cloth was installed immediately after transplanting in the field. (4 May
2016 or 19 May 2017). There were four treatments 50% black shade cloth, 50% red
shade cloth, 50% blue shade cloth (ChromatiNet®; Polysack Plastic Industries, Nir
Yitzhak, Israel), or a no shade control. The shade cloths were 28 ft long and 12 ft wide
and were suspended above the tea plants using metal fence posts.
Treatment plots were arranged in a randomized complete block design, with three
blocks and 10 and 8 plants (subsamples) per plot in years 1 and 2. Year 1 treatment
initiation was on 4 May 2016 and experiment termination was on 30 Aug. 2016. The
experiment was repeated in year 2 with treatment initiation on 19 May 2017 and
experiment termination on 11 December 2017.
Plant growth index (PGI) [(height + width 1 + width 2)/ 3] and leaf SPAD
readings were collected throughout the study. Leaf SPAD readings were collected from
the first three fully expanded leaves using a hand-held chlorophyll meter (SPAD 502
Plus; Konica Minolta, Tokyo, Japan). At experiment termination, survival rate was
recorded, and plants were pruned back to 30.5 cm (12 in) and new shoot fresh weight was
measured. New shoots were then dried at 60°C until they reached a consistent weight.
New shoot dry weights were then recorded. Data was collected from plants in the center
of the plot to reduce edge effect.
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In year 1, dried leaf samples were separated from new growth shoots after dry
weight was recorded and were ground to pass a 1 mm sieve (20 mesh) using a Wiley mill
(Thomas Scientific, Swedesboro, NJ). The Kjeldahl procedure was used for the
determination of total N using 0.1g of dry tissue sample (Bremner, 1965). Macronutrient
and micronutrient analysis was obtained from a sample of 0.1 g oven-dried tissue sample
was digested by (1:1) hydrochloric acid (6N) to water (v: v) and measured for
concentrations of P, K, Ca, Mg, Fe, Mn, Zn, Cu, and B using an inductively coupled
plasma (ICP) spectrophotometer (Mississippi State University Extension Service Soil
Testing Lab, Mississippi State, MS).
Growth and SPAD reading data were analyzed using linear mixed models. Binary
data were analyzed with Fisher’s exact test for more than two treatments with the FREQ
procedure of SAS (version 9.4; SAS Institute Inc., Cary, NC).
Results and Discussion
Survival Rate
In year 1, plants grown under no shade had survival a rate of 46.67% which was
significantly less than shade treatments, which all had 100% survival rate (Figure 4.1).
However, in year 2, all plants, regardless of treatment, had 100% survival rate. In June of
year 1, irrigation in the experiment field was damaged and could not be repaired for a
month. During this time plants received no supplemental irrigation, which may have
resulted in lower survival rate for plants grown without shade.

58

Plant Growth Index
In regard to PGI at experiment termination, analysis of variance for shade color
repeated over years, indicated year as significant (Pα <.0001); however, the year by color
interaction (Pα =.0021) supersedes year as a factor alone.
Year 1
At planting, PGI was comparable among all treatments. At second (7 June 2016)
and third (29 July 2016) collection dates, PGI was higher of plants grown under black
shade, compared to no shade control (Figure 4.2). At all collection dates, plants grown
under all shade had similar PGI. At the year 1 experiment termination, plants grown
under all shade treatments had higher PGI than plants grown under no shade control. As
growing season progressed, PGI was higher when plants were grown under shade. A
potential reduction in light intensity, soil moisture loss, air temperature, and soil
temperature may have resulted in increased growth. By the end of year 1, PGI was
similar among plants grown under shade cloth, regardless of color.
Year 2
Plant growth indices were similar among all treatments at all collection dates in
year 2 (Figure 4.3).
SPAD Readings
Leaf SPAD readings were similar among treatments at all collection dates for
both years (Figures 4.4 and 4.5). Liu et al. (2012) found SPAD readings could be used as
an estimate of relative chlorophyll content, suggesting chlorophyll content may also have
been similar for plants grown under all treatments used in this study.
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Fresh and Dry Weight of New Growth
Year 1
New growth fresh and dry weights were greater of plants grown under black
shade, compared to plants grown under no shade control (Figures 4.6 and 4.7). Plants
grown under black, red, and blue shade cloth had comparable fresh and dry new growth
weight. Shade likely reduced environmental stresses resulting in increased fresh and dry
weights.
Year 2
In year 2, plant new growth fresh weight and dry weights at experiment
termination were comparable among all treatments (Figures 4.8 and 4.9).
Nutrient Concentration
Leaf macronutrient and micronutrient concentrations were similar among
treatments for each respective nutrient, except K (Table 4.1). Leaf K was higher from
plants grown under blue shade, than from plants grown under black shade. Plants grown
under no shade, red shade, and blue shade had similar leaf K concentrations. Leaf K was
also similar among plants grown under no shade, black, and red shade. While there was
some variation in leaf K among treatments, ranging from 1.29 to 1.61 ppm, this is likely
due to nutrient variability within the field, rather than experimental treatment.
Plants grown under red shade had a mean leaf Fe concentration of 53 ppm, which
was below sufficiency range of 60 to 500 ppm (Table 4.1) (Bonheure and Willson, 1992;
Gu et al., 2002; Mills and Jones, 1996). Leaf Cu concentrations of plants grown under no
shade, black shade, and red shade were 5 ppm, which was slightly below the sufficiency
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range of 6 to 30 ppm. Leaf Ca concentration was higher than sufficiency range at all
treatments. Leaf nutrient concentrations at all other treatments were within sufficiency
range.
Conclusion
Newly planted tea is susceptible to environmental stresses and shade cloth has the
potential to reduce these stresses. In traditional tea producing countries, shade is used for
new tea plantings, but is generally provided by shade trees or cut branches. There is
limited literature on the use of shade cloth on tea and this type of research is often on leaf
quality rather than establishment.
This study attempted to determine if the addition of colored shade cloth would
increase survival and growth of newly transplanted C. sinensis plants in Mississippi. The
use of shade cloth, regardless of color, resulted in plants having higher PGI compared to
plants grown without shade in year 1. Plants grown under black shade cloth had greater
fresh and dry weight than plants grown without shade. This was not the case for year 2,
as PGI, new growth fresh weight, and new growth dry weight were similar among
treatments. It is predicted the difference in results between years is due to the lack of
irrigation for during June of year 1. This study found shade may reduce plant stress when
irrigation is variable, agreeing with Shahak et al. (2004), who found survival rate and
growth may be due to reduced heat and drought stress from shade. However, in year 2
when plants were regularly irrigated, there was no benefit to plant survival or growth by
growing under shade.
In future experiments, colored shade should be studied to determine if there is an
effect on leaf quality, pests, diseases, and yield. Also, longer term shade studies with
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unirrigated tea fields may show tea can be grown in Mississippi without supplemental
irrigation.
This study indicated, plants grown under shade treatments in year 1 had 100%
survival compared to plants grown without shade which had a survival rate of 46.67%.
Shade cloth may be a useful tool for tea producers in Mississippi when irrigation is
limited. Shade cloth color had no effect on tea plant survival or growth. For tea producers
with the ability to irrigate their fields, the added expense of shade cloth may not be
justified.
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Table 4.1

Leaf concentration of macronutrients and micronutrients of Camellia
sinensis grown in a field at Mississippi State, MS with either 50% black
shade cloth, 50% red shade cloth, 50% blue shade cloth, or a no shade
control.
Leaf Macronutrient Concentration (%)

Shade treatmentz

Ny

P

K

Ca

Mg

No shade

3.78 a

0.23 a

1.50 ab

1.93 a

0.18 a

Black

3.63 a

0.22 a

1.29 b

1.82 a

0.19 a

Red

3.69 a

0.23 a

1.37 ab

1.89 a

0.18 a

Blue

3.46 a
2.5-5.8

0.26 a
0.15-0.9

1.61 a
1.11-3

1.42 a
0.2-1.09

0.18 a
0.05-0.5

Sufficiency Range v,w,x

Leaf Micronutrient Concentration (ppm)
Shade treatment

Fey

Mn

Zn

Cu

B

No shade

60 a

1084 a

17 a

5a

39 a

Black

62 a

1451 a

14 a

5a

36 a

Red

53 a

1413 a

15 a

5a

39 a

Blue

72 a
60-500

1260 a
50-5000

16 a
13-65

6a
6-30

41 a
8-100

Sufficiency Range
z

. ChromatiNet®, Polysack Plastic Industries, Nir Yitzhak, Israel
Different letters within a column suggest significant difference; P-values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method
(Pα = 0.05).
x
Bonheure, D., and Willson, K. C. 1992. Mineral nutrition and fertilizers. In: Tea:
cultivation to consumption. Chapman and Hall, London, United Kingdom.
w
Gu, Q., J. Lu, and B. Ye. 2002. Tea Chemistry. China University of Science and
Technology Press, Hetei, China.
v
Mills, H. A., and J. B. Jones, Jr. 1996. Plant analysis handbook II. MicroMacro
Publishing, Inc. Athens GA.
y
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Figure 4.1
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Survival rate of clonal Camellia sinensis (cultivar unknown) plants grown
in field in 2016 and 2017 at Mississippi State, MS, with either 50% black
shade cloth, 50% red shade cloth, 50% blue shade cloth (ChromatiNet®,
Polysack Plastic Industries, Nir Yitzhak, Israel), or a no shade control.

Data were analyzed Fisher’s exact test for more than two treatments using the FREQ
procedure of SAS (version 9.4; SAS Institute Inc., Cary, NC) (Pα = 0.05).
Different letters suggest significant difference among treatments at each year.
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Plant growth indices (PGI) of clonal Camellia sinensis (cultivar unknown)
plants grown in field in 2016 at Miss. State, MS, with either 50% black
shade cloth, 50% red shade cloth, 50% blue shade cloth (ChromatiNet®,
Polysack Plastic Industries, Nir Yitzhak, Israel), or a no shade control.

PGI = [plant height + width 1 (widest point) +width 2 (perpendicular width)]/3.
Different letters suggest significant difference among treatments within each collection
date.
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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Plant growth indices (PGI) of clonal Camellia sinensis (cultivar unknown)
plants grown in field in 2017 at Mississippi State, MS, with either 50%
black shade cloth, 50% red shade cloth, 50% blue shade cloth
(ChromatiNet®, Polysack Plastic Industries, Nir Yitzhak, Israel), or a no
shade control.

PGI = [plant height + width 1 (widest point) +width 2 (perpendicular width)]/3.
Different letters suggest significant difference among treatments at each collection date.
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05)
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Leaf SPAD readings of clonal Camellia sinensis (cultivar unknown) plants
grown in field in 2016 at Mississippi State, MS, with either 50% black
shade cloth, 50% red shade cloth, 50% blue shade cloth (ChromatiNet®,
Polysack Plastic Industries, Nir Yitzhak, Israel), or a no shade control.

Leaf SPAD readings were collected from the first three fully expanded leaves using a
hand-held chlorophyll meter (SPAD 502 Plus; Konica Minolta, Tokyo, Japan).
Different letters suggest significant difference among treatments at each collection date.
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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Leaf SPAD readings of clonal Camellia sinensis (cultivar unknown) plants
grown in field in 2017 at Mississippi State, MS, with either 50% black
shade cloth, 50% red shade cloth, 50% blue shade cloth (ChromatiNet®,
Polysack Plastic Industries, Nir Yitzhak, Israel), or a no shade control.

Leaf SPAD readings were collected from the first three fully expanded leaves using a
hand-held chlorophyll meter (SPAD 502 Plus; Konica Minolta, Tokyo, Japan).
Different letters suggest significant difference among treatments at each collection date.
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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Fresh weight of new growth from clonal Camellia sinensis (cultivar
unknown) plants grown in field in 2016 at Mississippi State, MS, with
either 50% black shade cloth, 50% red shade cloth, 50% blue shade cloth
(ChromatiNet®, Polysack Plastic Industries, Nir Yitzhak, Israel), or a no
shade control.

Different letters suggest significant difference among treatments.
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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Dry weight of new growth from clonal Camellia sinensis (cultivar
unknown) plants grown in field in 2016 at Mississippi State, MS, with
either 50% black shade cloth, 50% red shade cloth, 50% blue shade cloth
(ChromatiNet®, Polysack Plastic Industries, Nir Yitzhak, Israel), or a no
shade control.

Different letters suggest significant difference among treatments.
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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Fresh weight of new growth from clonal Camellia sinensis (cultivar
unknown) plants grown in field in 2017 at Mississippi State, MS, with
either 50% black shade cloth, 50% red shade cloth, 50% blue shade cloth
(ChromatiNet®, Polysack Plastic Industries, Nir Yitzhak, Israel), or a no
shade control.

Different letters suggest significant difference among treatments.
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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Black shade
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Dry weight of new growth from clonal Camellia sinensis (cultivar
unknown) plants grown in field in 2016 at Mississippi State, MS, with
either 50% black shade cloth, 50% red shade cloth, 50% blue shade cloth
(ChromatiNet®, Polysack Plastic Industries, Nir Yitzhak, Israel), or a no
shade control.

Different letters suggest significant difference among treatments.
P values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα = 0.05).
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CHAPTER V
EFFECT OF PLANTING DATE ON GROWTH AND SURVIVAL OF TEA GROWN
IN MISSISSIPPI
For new tea farmers in Mississippi, it is important to plant tea during the time of
year with the highest probability for optimal survival and growth. Currently, the optimal
time of year for planting new tea fields in Mississippi is unknown.
Tea (Camellia sinensis) is grown in very diverse regions and in many different
climates, thus establishing a common date for all regions is impossible (Barua, 1989;
Eden, 1958). Internationally, tea planting generally occurs based on stage of plant growth
and weather conditions (Luo, 2007). Plants are normally planted during dormancy and
when humidity and soil moisture are high.
Hajra (2001) suggested planting should occur when plants have the longest
possible time to establish themselves before adverse weather conditions occur. A cool
humid climate with moist soils also increases chances of survival. Eden (1958) stressed
that in all cases planting should occur early in the growing season to allow plants to
become established before cold temperatures of winter.
In Darjeeling, planting occurs before annual monsoon rains (Hajra, 2001). In
Eastern Assam, winter months provide cool weather and occasional rain showers. In
Western Assam, winter months experience drought and planting thus occurs from May to
June.
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In many tropical tea producing countries, like Indonesia and Sri Lanka, where the
climate is favorable for transplanting most of the year, tea planting is done at almost any
time (Barua, 1989; Eden, 1959). The climate in this region experiences frequent rainfall
and mild temperatures (Hajra, 2001).
In Sri Lanka, Wadasinghe and Peiris (1987) studied weather patterns and their
effects on tea planting. They found Sri Lanka has two monsoon periods with associated
dry periods, suggesting that planting in Southwest and Northeast Sri Lanka should take
place from mid-May and end in early October. These dates coincide with the longest
monsoon periods. Barua (1989) suggests similar planting schemes for tea producing
regions of tropical Africa with cyclical weather patterns that limit tea planting to certain
rainy seasons. While Japan receives enough precipitation in winter, it is often too cold to
plant in winter months and planting occurs in late March to early April (Barua, 1989,
Hajra, 2001).
In Mississippi, the appropriate time to plant tea is unknown. Other perennial
crops, such as blueberries, are recommended to be planted in the dormant season of
November to February in Mississippi (Braswell et al., 2015). However, unlike the semideciduous blueberry, C. sinensis is an evergreen shrub and may be susceptible to winter
damage.
Informal trial and error has determined planting dates for traditional tea producing
areas. There is a lack of research literature on the planting date of C. sinensis, and this is
especially true for tea production in Mississippi. Therefore, the objective of this research
was to evaluate planting date on growth and survival rate of C. sinensis.
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Materials and Methods
One-year-old clonal liners [10.2-cm (4-in) square container,0.76-L (0.203 gal)] of
C. sinensis (cultivar unknown) were planted in a field on four planting dates (PD1
through PD4) (Table 5.1). The field was located at the R. R. Foil Plant Research Center at
Mississippi State University, MS (33.48º, -88.78º), with a soil type of Stough fine sandy
loam, mean annual precipitation of 145 to 150 cm (57 to 59 in) (Figure A.1), and mean
annual air temperature of 15 to 20° C (59 to 68° F) (Figure A.2) (Natural Resource
Conservation Service, 2017). Planting dates used in this study were selected based on
expected farm labor availability and potentially favorable climate conditions preferred by
producers of other perennial crops. Plants were spaced in a double hedge 1.8 m (6 ft)
apart and 0.9 m (3 ft) within row. Plants were pruned to a uniform height [12 in (30.5
cm)] before planting. There were 4 plots per treatment and 16 plants (subsamples) per
plot in a completely randomized block design. Experiments were conducted in 2015-2016
for run 1, and 2016-2017 for run 2.
Plant growth indices {[plant height + width 1 (widest point) +width 2
(perpendicular width)]/3}, survival rate, and SPAD readings were collected once all
treatments were planted (run 1: 21 March 2016; run 2: 3 Apr. 2017) and at experiment
termination (run 1: 30 Aug 2016; run 2: 28 Nov. 2017). Leaf SPAD readings were
collected from the first three fully expanded leaves using a hand-held chlorophyll meter
(SPAD 502 Plus; Konica Minolta, Tokyo, Japan). Growth and SPAD reading data were
analyzed using linear mixed models, and binary data were subjected to generalized linear
mixed models with the binary distribution and logit link with the GLIMMIX procedure of
SAS (version 9.4; SAS Institute Inc., Cary, NC).
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Results
Run 1
Plant survival rate was comparable among all planting dates with all planting
dates having over 74% survival rate (Figure 5.1). On 21 March 2016, plants planted on
PD1 had a PGI of 10.78 which was higher than plants at other planting dates (Figure 5.2).
Plants from PD2, PD3, and PD4 had similar PGI. Plants planted on PD3 and PD4 had
comparable SPAD readings of 80.5 and 81.6 respectively and had SPAD readings higher
than other treatments (Figure 5.3).
On 30 Aug 2016, plants planted on PD1, PD3, and PD4 had similar PGI, and had
higher PGI than plants planted on PD2. By the end of growing season, there was no
significant difference of SPAD readings among plants from any planting date.
Run 2
Plant survival rate was similar for plants planted on PD1, PD2, and PD3 (Figure
5.4). Plants planted on PD2 and PD3 had higher survival rates compared to plants planted
on PD4. Plant survival rates for plants planted in PD2 and PD3 were 88% and 91%,
respectively, while plants planted in PD4 had 56% survival rate. There was a difference
of 35% survival rate between PD3 and PD4.
On 3 Apr. 2017, plants planted at PD 3 had higher PGI than plants planted at PD1
(Figure 5.5). Plants planted at PD2, PD3, and PD4 had similar PGI. Plants from PD3 and
PD4 had higher SPAD readings than plants from PD1 (Figure 5.6).
On 28 Nov. 2017, plants planted on PD1 and PD3 had higher PGI than plants
planted on PD4. Plants planted at the first three dates had similar PGI. There was no
significant difference in SPAD readings by the end of the growing season.
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Discussion
In tea producing regions, planting date has been culturally accepted and passed
down through generations. Currently, there is little scientific literature on the effects of
planting date on tea production, and there is no planting date recommendation for
Mississippi tea producers. It has been recommended C. sinensis plants should be planted
when they are dormant, environmental conditions are mild, and soil moisture is plentiful
(Barua, 1989; Eden, 1959, Hajra, 2001). Determining the appropriate time to field plant
C. sinensis will allow producers to increase survival rate and reduce time to first harvest.
In this study, an effort was made to plant in the middle of Dec. Jan. Feb. and
March. While every attempt was made to meet this timeframe, planting ultimately
revolved around field conditions and weather. This study was also limited to four
planting dates due to C. sinensis plant availability. Future studies should expand the
number of planting dates evaluated; fall dates may be a viable option for planting.
Multiple evaluation sites would strengthen the results of future studies as well.
Tea is grown in multiple climatic zones in Mississippi and recommendations for
one location may not be suitable for other sites. In all planting dates, except PD4 in run 2,
survival rate was over 70%, suggesting producers can plant in late fall and winter in
Mississippi.
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Table 5.1

Planting dates evaluated for tea (Camellia sinensis) production at
Mississippi State, MS (33°48’. -88°78’) in an irrigated field.
Run 1

Run 2

Planting date 1 (PD1)

18 Dec. 2015

9 Dec. 2016

Planting date 2 (PD2)

13 Jan. 2016

25 Jan 2017

Planting date 3 (PD3)

19 Feb. 2016

3 March 2017

Planting date 4 (PD4)

21 March 2016

3 April 2017
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Figure 5.1

Survival rate of Camellia sinensis planted at four dates at Mississippi State,
MS in an irrigated field, in 2015 and 2016.

Planting dates were: planting date 1 (PD1), 18 Dec. 2015; PD2, 13 Jan. 2016; PD3, 19
Feb. 2016; PD4, 21 March 2016.
Survival rate was collected on 30 Aug. 2016.
Different letters suggest significant difference among planting dates.
Data were analyzed using generalized linear mixed models with the binary distribution
and logit link with the GLIMMIX procedure of SAS (version 9.4; SAS Institute Inc.,
Cary, NC).
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα=0.05).
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PD4

30-Aug

Plant growth indices (PGI) of Camellia sinensis planted at four dates at
Mississippi State, MS in an irrigated field, in 2015 and 2016.

Planting dates were: planting date 1 (PD1), 18 Dec. 2015; PD2, 13 Jan. 2016; PD3, 19
Feb. 2016; PD4, 21 March 2016.
PGI = [plant height + width 1 (widest point) +width 2 (perpendicular width)]/3.
Different lowercase letters suggest significant difference among planting dates on 21
March 2016.
Different uppercase letters suggest significant difference among planting dates on 30
Aug. 2016.
Data were analyzed using linear mixed models in SAS (version 9.4; SAS Institute Inc.,
Cary, NC).
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα=0.05).
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SPAD readings of Camellia sinensis planted at four dates at Mississippi
State, MS in an irrigated field, in 2015 and 2016.

Planting dates were: planting date 1 (PD1), 18 Dec. 2015; PD2, 13 Jan. 2016; PD3, 19
Feb. 2016; PD4, 21 March 2016.
Different lowercase letters suggest significant difference among planting dates on 21
March 2016.
Different uppercase letters suggest significant difference among planting dates on 30
Aug. 2016.
Leaf SPAD readings were collected from the first three fully expanded leaves using a
hand-held chlorophyll meter (SPAD 502 Plus; Konica Minolta, Tokyo, Japan).
Data were analyzed using linear mixed models in SAS (version 9.4; SAS Institute Inc.,
Cary, NC).
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα=0.05).
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Survival rate of Camellia sinensis planted at four dates at Mississippi State,
MS in an irrigated field, in 2016 and 2017.

Planting dates were: planting date 1 (PD1), 9 Dec. 2016; PD2, 25 Jan 2017; PD3, 3
March 2017; PD4, 3 April 2017.
Survival rate was collected on 11 Nov. 2017.
Different letters suggest significant difference among planting dates.
Data were analyzed using generalized linear mixed models with the binary distribution
and logit link with the GLIMMIX procedure of SAS (version 9.4; SAS Institute Inc.,
Cary, NC).
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα=0.05).
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Plant growth index (PGI) of Camellia sinensis planted at four dates at
Mississippi State, MS in an irrigated field, in 2016 and 2017.

Planting dates were: planting date 1 (PD1), 9 Dec. 2016; PD2, 25 Jan 2017; PD3, 3
March 2017; PD4, 3 April 2017.
PGI = [plant height + width 1 (widest point) + width 2 (perpendicular width)]/3.
Different lowercase letters suggest significant difference among planting dates on 3 Apr.
2017.
Different uppercase letters suggest significant difference among planting dates on 28
Nov. 2017.
Data were analyzed using linear mixed models in SAS (version 9.4; SAS Institute Inc.,
Cary, NC).
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα=0.05).
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SPAD readings of Camellia sinensis planted at four dates at Mississippi
State, MS in an irrigated field, in 2016 and 2017.

Planting dates were: planting date 1 (PD1), 9 Dec. 2016; PD2, 25 Jan 2017; PD3, 3
March 2017; PD4, 3 April 2017.
Different lowercase letters suggest significant difference among planting dates on 3 Apr.
2017.
Different uppercase letters suggest significant difference among planting dates on 28
Nov. 2017.
Data were analyzed using linear mixed models in SAS (version 9.4; SAS Institute Inc.,
Cary, NC).
P-values for simultaneous mean comparison were adjusted using the Royen-TukeyKramer method (Pα=0.05).
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CHAPTER VI
CONCLUSION
Tea has the potential to be grown as a commercial crop in Mississippi. It can be a
profitable crop if producers are provided with appropriate solutions to inherent barriers
on US tea production. While there is great opportunity for tea production in Mississippi,
there is still a need for research to identify these barriers and their solutions.
For domestic production to become effective, growers will have to identify areas
to save money and compete with countries with lower input costs. This study showed tea
plants treated with 2 g N had similar PGI, root dry weight, shoot dry weight, leaf area,
root length, and root surface area compared to plants that received higher N rates.
Growers can fertilize at 2 g nitrogen (N) per container, reducing input costs, and produce
comparable plants to those receiving higher N rates. While lowering the amount of N
applied to plants in containers is an economical benefit to producers, there is also an
environmental benefit to applying less N.
This research also made an effort to determine if the incorporation of colored
shade cloth would increase plant growth and survival rate of newly planted tea. The use
of shade cloth, regardless of color, resulted in plants having higher PGI compared to
plants grown without shade in year 1. Plants grown under black shade cloth had greater
fresh and dry weight than plants grown without shade. This was not the case for year 2,
as PGI, new growth fresh weight, and new growth dry weight were similar among
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treatments. It is predicted the difference in results between years is due to the lack of
irrigation for during June of year 1. This study found shade may reduce plant stress when
irrigation is variable. However, in year 2 when plants were regularly irrigated, there was
no benefit to plant survival or growth by growing under shade. Shade cloth may be a tool
for tea producers in Mississippi when irrigation is limited. For tea producers with
irrigated fields, the added expense of shade cloth may not be justified.
Finally, planting date was evaluated to determine if it influenced plant growth and
survival rate. Tea is grown in multiple climatic zones in Mississippi and
recommendations for one location may not be suitable for other sites. In all planting
dates, except 3 April 2017, survival rate was over 70%, suggesting producers should
plant tea in late fall and winter in Mississippi.
The need for future research is great for this promising industry. Areas of need
include: automation of planting and harvesting, long-term cultivar evaluation, pest and
disease identification, post-harvest handling, and processing of a final tea product. There
has been research conducted in other countries, however solutions identified from
previous research may not be applicable or suitable for a domestic tea industry.
While only in its infancy, the US tea industry has the potential to reduce the
amount of tea imported into the US, providing a boost to local economies and potentially
reducing the impact on the environment from shipping. For American tea producers to be
profitable they must be innovative and have access to evidence-based research.

90

APPENDIX A
ADDITIONAL TABLES AND FIGURES

91

Table A.1

Tissue concentration of macronutrients in Camellia sinensis ‘CS 101’
plants grown in a container with five nitrogen (N) rates.
Leaf Macronutrient Concentration (%)

N applied (g)z

Ny

P

K

Ca

Mg

0

1.92 d

0.59 a

2.77 a

1.40

0.32

2

3.46 c

0.30 c

1.68 b

1.26

0.31

4

4.80 b

0.41 b

1.10 c

1.31

0.34

6

5.14 b

0.40 b

1.17 c

1.34

0.37

8
Sufficiency
Range v,w,x

5.79 a

0.45 b

1.00 c

1.34

0.374

2.5-5.8

0.15-0.9

1.11-3

0.2-1.09

0.05-0.5

Stem Macronutrient Concentration (%)
N applied (g)

N

P

K

Ca

Mg

0

0.91 c

0.18 b

0.87 a

0.61 a

0.18

2

1.01 c

0.17 b

0.75 ab

0.45 b

0.16

4

1.72 b

0.25 ab

0.64 bc

0.52 ab

0.18

6

1.63 b

0.25 ab

0.54 c

0.44 b

0.17

8

2.19 a

N applied (g)

N

P

K

Ca

Mg

0

0.85 d

0.76 a

1.86 ab

0.29

0.21 b

2

1.51 c

0.47 b

2.19 a

0.24

0.30 a

4

2.50 b

0.38 b

1.79 ab

0.20

0.22 b

6

2.83 b

0.33 b

1.65 b

0.23

0.21 b

0.31 a
0.57 bc
0.49 ab
Root Macronutrient Concentration (%)

0.19

8
3.49 a
0.38 b
1.46 b
0.21
0.18 b
Nitrogen application rate in a controlled release formulation [{31-0-0 Florikote Advantage 3stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4] Florikan E.S.A.
LLC, Sarasota, FL} top dressed to containerized plants grown in a greenhouse.
y
Different lowercase letters within a column suggest significant difference; P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method (Pα =
0.05).
x
Bonheure, D., and Willson, K. C. 1992. Mineral nutrition and fertilizers. In: Tea: cultivation to
consumption. Chapman and Hall, London, United Kingdom.
w
Gu, Q., J. Lu, and B. Ye. 2002. Tea Chemistry. China University of Science and Technology
Press, Hetei, China.
v
Mills, H. A., and J. B. Jones, Jr. 1996. Plant analysis handbook II. MicroMacro Publishing, Inc.
Athens GA.
z
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Table A.2

Tissue concentration of micronutrients in Camellia sinensis ‘CS 101’ plants
grown in a container with five nitrogen (N) rates.
Leaf Micronutrient Concentration (ppm)

N applied (g)z

Fey

Mn

Zn

Cu

B

0

78.8 ab

907.8 b

13.8

2.6 a

85.2 a

2

58.2 b

1258.0 b

11.8

2.8 a

56.2 b

4

98.6 a

2540.0 a

11.6

1.2 b

55.4 b

6

99.4 a

2254.0 a

11.6

1.4 b

55.0 b

8
Sufficiency
Range v,w,x

90.8 a

2032.0 a

11.0

1.2 b

59.6 b

60-500

50-5000

13-65

6-30

8-100

Stem Micronutrient Concentration (ppm)
N applied (g)

Fe

Mn

Zn

Cu

B

0

29.0 c

264.0 c

38.2 b

3.8 ab

14.0

2

49.0 c

347.8 bc

62.4 a

5.0 a

12.8

4

114.4 ab

536.8 a

65.4 a

3.8 ab

14.8

6

103.0 b

441.4 ab

63.0 a

1.4 b

13.2

8

157.4 a

N applied (g)

Fe

Mn

Zn

Cu

B

0

126.2 ab

407

159.8 b

13.0 ab

8.8

2

105.2 b

319.6

269.0 ab

18.0 a

7.4

4

128.2 ab

402.6

307.0 a

8.4 b

8.0

6

123.8 b

299.4

288.0 a

13.6 ab

7.6

529.4 a
64.8 a
1.6 b
15.6
Root Micronutrient Concentration (ppm)

8
165.6 a
346.8
277.6 ab
12.4 ab
8.4
Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage 3stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4] Florikan E.S.A.
LLC, Sarasota, FL} top dressed to containerized plants grown in a greenhouse.
y
Different lowercase letters within a column suggest significant difference; P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method (Pα =
0.05).
x
Bonheure, D., and Willson, K. C. 1992. Mineral nutrition and fertilizers. In: Tea: cultivation to
consumption. Chapman and Hall, London, United Kingdom.
w
Gu, Q., J. Lu, and B. Ye. 2002. Tea Chemistry. China University of Science and Technology
Press, Hetei, China.
v
Mills, H. A., and J. B. Jones, Jr. 1996. Plant analysis handbook II. MicroMacro Publishing, Inc.
Athens GA.
z
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Table A.3

Tissue content of macronutrients in Camellia sinensis ‘CS 101’ plants
grown in a container with five nitrogen (N) rates.
Leaf Macronutrient Content (mg)

N applied (g)z

Ny

P

K

Ca

Mg

0

11.2 c

3.5 b

16.5 c

8.2 b

1.9 b

2

212.0 b

18.7 a

101.7 a

77.6 a

18.8 a

4

271.9 ab

23.2 a

63.1 b

73.9 a

18.9 a

6

373.1 a

28.5 a

84.0 a

96.1 a

26.5 a

8

339.6 a

N applied (g)

N

P

K

Ca

Mg

0

9.4 b

1.9 b

9.0 c

0.1 c

1.9 b

2

34.8 a

6.0 a

25.8 a

0.9 a

5.6 a

4

52.4 a

7.6 a

20.2 ab

0.7 ab

5.6 a

6

46.9 a

7.0 a

15.4 bc

0.4 bc

4.9 a

8

46.2 a

N applied (g)

N

P

K

Ca

Mg

0

12.3 d

10.1 b

24.7 d

4.2 c

2.9 d

2

73.4 c

22.6 a

104.2 a

11.4 a

14.2 a

4

93.3 bc

14.0 b

66.9 b

7.5 bc

8.1 bc

6

129.4 a

15.4 b

76.1 b

10.5 ab

9.7 b

26.1 a
57.9 b
78.4 a
Stem Macronutrient Content (mg)

6.7 a
12.3 bc
0.3 bc
Root Macronutrient Content (mg)

21.9 a

4.0 a

8
112.6 ab
12.0 b
46.7 c
6.9 c
6.0 c
Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage 3stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4] Florikan E.S.A.
LLC, Sarasota, FL} top dressed to containerized plants grown in a greenhouse.
y
Different lowercase letters within a column suggest significant difference; P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method (Pα =
0.05).
z
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Table A.4

Tissue content of micronutrients in Camellia sinensis ‘CS 101’ plants
grown in a container with five nitrogen (N) rates.
Leaf Micronutrient Content (µg)

N applied (g)x

Fey

Mn

Zn

Cu

B

0

45 c

538 c

8b

1c

49 b

2

355 b

8035 b

73 a

17 a

344 a

4

556 ab

14425 a

66 a

7b

315 a

6

722 a

16371 a

83 a

10 b

392 a

8

547 ab

12044 ab
63 a
7b
Stem Micronutrient Content (µg)

349 a

N applied (g)

Fe

Mn

Zn

Cu

B

0

27 c

272 c

40 c

3b

15 b

2

167 b

1183 b

213 a

17 a

44 a

4

330 a

1616 a

199 a

12 ab

46 a

6

294 a

1266 ab

180 ab

4b

38 a

8

332 a

1093 b
134 b
4b
Root Micronutrient Content (µg)

33 a

N applied (g)

Fe

Mn

Zn

Cu

B

0

160 b

616 b

210 b

16 c

13 b

2

504 a

1512 a

1267 a

86 a

35 a

4

485 a

1500 a

1156 a

34 bc

30 a

6

575 a

1379 a

1334 a

63 ab

35 a

8
538 a
1118 ab
959 a
41 bc
27 a
Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage 3stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4] Florikan E.S.A.
LLC, Sarasota, FL} top dressed to containerized plants grown in a greenhouse.
y
Different lowercase letters within a column suggest significant difference; P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method (Pα =
0.05).
z
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Table A.5

Whole plant concentration of macronutrients and micronutrients in
Camellia sinensis ‘CS 101’ plants grown in a container with five nitrogen
(N) rates.
Mean Whole Plant Macronutrient Concentration (%)

N applied (g)z

Ny

P

K

Ca

Mg

0

1.07 d

0.52 a

1.69 a

0.40 c

0.22 b

2

2.22 c

0.33 b

1.63 a

0.62 b

0.27 a

4

3.37 b

0.36 b

1.20 b

0.66 ab

0.26 a

6

3.72 b

0.35 b

1.20 b

0.73 ab

0.28 a

8

4.43 a
0.40 b
1.05 b
0.75 a
0.28 a
Mean Whole Plant Micronutrient Concentration (ppm)

N applied (g)

Fe

Mn

Zn

Cu

B

0

82 b

459.1 b

88.8

7.7 ab

25.3 c

2

71 b

731.7 b

109.8

8.5 a

29.5 b

4

111 a

1414.4 a

113.7

4.0 b

31.4 b

6

108 a

1287.4 a

109.1

5.3 ab

31.7 b

8
126 a
1253.6 a
98.9
4.6 b
36.1 a
Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage 3stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4] Florikan E.S.A.
LLC, Sarasota, FL} top dressed to containerized plants grown in a greenhouse.
y
Different lowercase letters within a column suggest significant difference; P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method (Pα =
0.05).
z
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Table A.6

Whole plant content of macronutrients and micronutrients in Camellia
sinensis ‘CS 101’ plants grown in a container with five nitrogen (N) rates.
Mean Whole Plant Macronutrient Content (mg)

N applied (g)z

Ny

P

K

Ca

0

32.8 c

15.5 b

50.2 d

12.6 b

6.7 b

2

320.2 b

47.2 a

231.7 a

89.9 a

38.6 b

4

417.7 ab

44.8 a

150.2 b

82.1 a

32.6 a

6

549.3 a

50.9 a

175.5 b

107.1 a

41.2 a

8

498.4 a
44.8 a
116.9 c
85.6 a
31.8 a
Mean Whole Plant Micronutrient Content (µg)

N applied (g)

Fe

Mn

Zn

Cu

Mg

B

0

231 c

1426 c

258 b

21 c

77 b

2

1026 b

10731 b

1553 a

120 a

424 a

4

1371 ab

17541 a

1421 a

52 bc

391 a

6

1592 a

19015 a

1597 a

77 b

465 a

8
1417 ab 14254 ab
1156 a
52 bc
410 a
Nitrogen application rate in a controlled release formulation {31-0-0 Florikote Advantage 3stage mini 4-5 month, 22 % urea N [CH4N2O], 9% ammoniacal N [(NH4)2SO4] Florikan E.S.A.
LLC, Sarasota, FL} top dressed to containerized plants grown in a greenhouse.
y
Different lowercase letters within a column suggest significant difference; P values for
simultaneous mean comparison were adjusted using the Royen-Tukey-Kramer method (Pα =
0.05).
z
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Figure A.1

Historical Monthly Precipitation

Monthly precipitation at Mississippi State, Mississippi in 2015 to 2017.

Historical monthly mean precipitation from 1981 to 2010.
US Climate Date. 2018. Climate data for Mississippi State, Mississippi. US Climate Data
18 March 2018.
<https://usclimatedata.com/climate/starkville/mississippi/unitedstates/usms0761>
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Figure A.2

Monthly Mean High

Monthly Mean Low

Monthly Historical High

Monthly Historical Low

Monthly mean high temperature and mean low temperature at Mississippi
State, Mississippi in 2015 to 2017.

Historical monthly mean high temperature and mean low temperature from 1981 to 2010.
US Climate Date. 2018. Climate data for Mississippi State, Mississippi. US Climate Data
18 March 2018.
<https://usclimatedata.com/climate/starkville/mississippi/unitedstates/usms0761>
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